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Studies on the excretion of porphobilinogen in 
patients with socalled acute porphyria. 

By 

JAN WALDENSTROM and BO VAHLQUIST. 

(Submitted for publication November 19, 1943). 


It is indeed an interesting fact that heredity seems to play a 
dominant part in the development ■ of most of the less common 
disturbances of metabolism. Such instances as the two ^forms)> of 
diabetes insipidus, (Veil simple, dominant; Forssman recessive, sex 
linked), pentosuria (recessive), alcaptonuria (recessive), cystinuria 
(dominant or recessive), familial idiopathic methemoglobinemia, 
Bensley, Rhea and iVIills, and different forms of lipoidosis may 
be quoted (wnborn errors of metaboHsmi), Cairo d). It seems pretty 
certain, that several of the hereditary diseases of the nervous sys- 
tem are also associated with, possibly caused by, metabolic dis- 
turbances (cf. juvenile amaurotic idiocy and the imbecillitas phenyl- 
pyrouvica described by Foiling). 

Socalled acute porphyria 'noth its manifold symptoms from 
the central and peripheral nervmus system may well be regarded as 
belonging to this group as vill be shown later in this paper. As a 
matter of fact the name acute porpli jria is not very appropriate, 
since it has been shown that the malady is a lifelong chronic deran- 
gement of pyrrole, but not necessarily of porphyrin metabolism, 
with acute episodes (Waldenstrom). 

It has long been known that another metabolic disorder, the 
congenital porplijTinuria with light sensitimty, might occur among ■ 
several members of the same family. Arzt and Hausmann saw two 
^ nied. scandinav. Vol. CXVII. 
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brothers aftccted with the nralady, whose parents were first cou- 
sins (see also Me Call Anderson, Ehrmann, Hans Fischer etc.), 
Tliis character is almost certainly recessive. 

The work of Waldenstrom (1937) has ipade it clear that socalled 
acute porphyria occurs as a dominant cliaractcr and cases wth 
light sensitivity, which is the most important symptom in con- 
genital porphyria, were never found in the large number of families 
with acute porphyria examined by him. There is thus no genetical 
connection between tlie two socalled »iorms» of porphyria. There 
are at present knoAvn about 150 cases of acute porphyria from 
Sweden but not a single case of congenital porphyria. Tliey are 
two distinct and separate maladies. 

Acute porphyria is no verj' rare malady in Sweden. In 1937 
Waldenstrom collected 103 instances from Sweden. From this 
time the number of cases has increased considerably and at present 
the number of known cases in Sweden is about 150. Tins increase is 
chiefly due to the investigations of brothers and sisters and other 
nearer relatives of porphyries. The actual number of new cases 
with severe sjauptoms is also rather high and it is evident, that the 
malady may be found much more often than was previously 
realized, if it is correctly diagnosed. 

Tlic question of heredity was investigated by Waldenstrom in 
1937 and it was shown that in the large majority of patients with 
acute porphjTia the disease is familial. Later investigations have 
shown, that among the 103 instances of porphyria only 12 are as 
yet to be regarded as isolated and among these it has only been 
possible to examine samples of urine from a number of brothers 
and sisters in d. In the other 8 closer investigations were imposs- 
ible from external reasons (an only child, parents dead or un- 
known etc.). It is thus obvious, that heredity plays a dominant 
part for the development of acute porphyria. 

The unpublished results of Engel and Waldenstrom show that 
a very large majority of the Swedish cases belong to the same 
family with no less than 100 members suffering from porphyria. 
In nearly every case from the North of Sweden has it been possible 
to trace a connection with this large family of porphyries or with 
two other families of lap origin (21 porpl^Tic meml^ers). 

The present paper deals wnth problems regarding the mctal30- 
lism of some pjarolc derivatives in acute porph}TJa. The work of 



STUDIES ON THE EXCHETION OF POSPHOBIEINOGEN ETC. 

WaMenstrom and Vahlquist (1939) has proved that in tliis condi- 
tion porphyrin as sncIi is probably never excreted primarily throngh 
the kidney. It is formed in the urine through the condensation 
of two molecules of porpliobilinogen, as we have called the colour- 
less substance (the chromogen of Waldenstrom) always occurring 
in the urine in acute porphyria. Tliis condensation largely depends 
upon external factors such as temperature and reaction of the 
urine. Two molecules of porphobilinogen, each containing two 
pjnrole nuclei may either form a ring or a chain. In the first case 
a porphyrin is formed, in the latter a urobilinoid pigment, which 
we have called porphobilin. The fact that porphyi'in has never 
been demonstrated in the blood of acute porphyries (but several 
times in congenital porphyria) is thus easily explained. In this 
malady only porphobilinogen in large anrounts is formed inside 
the organism. Many authors have in vain tried to obtain any signs 
of light sensitivity in their patients with acute porph)Tia and this 
question has been a matter of considerable discussion. It is quite 
evident that the non-fluorcscent porphobilinogen cannot act as a 
sensitizer against the light rays. 

Under these circumstances the quantitative determination of 
the porphobilinogen excreted in the urine may give an opjiorlu- 
nity to follow the change in the metabolic disorder, that has been 
called acute porphjnia. Several observers (among others Vannolti) 
have tried to make estimations of the amount of urojiorphyrin in 
the urine. We have been able to show that the amount of porph3Tin 
formed from the porphobilinogen is largely dependant on acci- 
dental factors. Even though there now exists a reliable method 
for the isolation of uroporphyrin HI from the urine (exlraclion 
with etliyl acetate at Ph 3.2 according to Waldenstrom) the method 
IS mainly important for the preparation of this porplij^rin. For the 
investigation of the functional pathology of acute porphjTia only 
the determination of porphobilinogen in the urine is of any real 
value. Tiicre may hoivevcr be found a very sligl.l aniounl of 
porphFm already in the freshly voided, acid urine. It is probablv 
formed m the bladder and its amount is quite imsignifimnl as 
ompared ™th the porphobilinogen. One of us (t^ahL.ist 19391 

phobilinogen m solutions. It has been used in the 
tigation. 


present inves- 
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Exogenous factors influencing the excretion of porphobilinogen. 

Tlie principal question to be answered as regards the functional 
pathology in this type of disease is the follondng. Is the forma- 
tion or excretion of the pathological metabolite influenced by 
exogenous factors such as the administration of certain substan- 
ces that may be supposed to be related chemically to this meta- 
bolite. We know for example that tyrosin given to an alcaptonuric 
greatly increases the output of homogentisic acid. The same holds 
true for the excretion of phenylpyrouvic acid after administration 
of phenylalanin in Polling’s disease (Jervis). It must therefore 
be assumed, that the ingested substances are closely related to those 
excreted and that the latter are possibly formed by a change in the 
composition of the former. 

The same problem ought to be of great importance for the 
comprehension of the mechanism at w'ork in acute porphyria. 
Many facts seem to favour the assumption, that we have to deal 
with a disturbed synthesis of porphyrins. It seems a priori possible, 
that the less complex pyrrole derivatives related to pyrrole such as 
proline and oxyproline may be used by the organism for the syn- 
thesis of porphobilinogen and also for the formation of the prosthe- 
tic group in hemoglobin. 

We have had the opportunity to investigate some of these prob- 
lems in two cases of acute porphyria. In nine others were we able 
to make quantitative determinations of porphobilinogen on fresh- 
ly voided specimens of urine. 

The first case is a man, born in 1892. He belongs to family XII in 
Waldenstrom’s monograph on acute porphyria. His urine had not pre- 
viously been examined. He had been suffering from a duodenal ulcer 
for many years and had been operated upon for that malady. He now 
shoAved definite clinical and radiological signs of a peptic ulcer and it was 
regarded advisable to give him a severe regime for ulcer. During the first 
two days of his stay in the hospital he got the usual mixed diet for a pati- 
ent with gastric ulcer. For one day he was then fasting and on the follovf- 
ing four days he was only taking increasing quantities of a mixture contain- 
ing cream and water on parts. During this time his food intake may con- 
sequen(l 5 " he regarded as very low in protein. The patient now began to get 
symptoms possibl 3 ’’ indicating an imminent attack of acute porphyria. 
His fluid intake rvas therefore considerablj' increased and his diet was 
less and less restricted. At the end of his hospital time (3 weeks) his pre- 
vious dyspeptic troubles had disappeared and he rvas dismissed very 
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with 5 gms sodium bicarbonate thrice daily had an immediate effect. The 
acidity decreased and the colour of the urine became absolutely normal. 
There was no darkening on standing. It is seen from the fig. that the 
amount of excreted porphobilinogen is very much (he .same during both 
periods. When the light yellow urine was acidified and boiled it assumed 
a dark red colour and the bands of uroporpliyrin and porphobilin were 
clearly to be seen. 

. Our next patient was case 04 (Waldenstrom, 1937). She had boon suf- 
fering from colics and very severe constipation the last woek.s before 
admittance. Also her psychic balance was considerably disturbed as her 
muscular power had decreased very rapidly during the last week and she 
was fearing a relapse of her paralysis. The first days we treated her wit h 
prostigmin injections and also witli repeated duodenal tulnage. Our thoufdit 
was that toxic substances might possibly be excreted through the bile, 
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and their reabsorption from the bowel favoured by the longstanding ob- 
stipation. It is not easy to say if this assumption is correct but the pati- 
ent’s general status improved considerably with this treatment and the 
signs of »intoxication)> soon disappeared. She was not allowed any barbi- 
turics during this time (Waldenstrom 1939). 

The first week she was put on a mixed diet. It is seen that the daily 
excretion of porphobilinogen varied but little during this time kept 
about 100 — 120 P. U./24 hrs. or 5 — 7 P. U./lOO cm®. The reaction of 
the urine during this time was rather acid with a Ph of about 5.5. The 
urine darkened quickly after voiding. — The administration ol sodium bi- 
carbonate 5 gms thrice daily did not appreciably alter the output of por- 
phobilinogen. In spite of this the urine kept its normal yellow appearance 
indefinitely on standing. Boiling the acidified urine however at once 
transformed the porphobilinogen into porphyrin and porphobilin. (See 
colour photograph at the end of this paper). The administration of bicar- 
bonate was then stopped, the urine once again became acid and darkened 
on standing. A new period of alkali therapy had the same influence as 
the first one. (Fig. 2) 

The condition of the patient did not make it justified to put her on 
a diet that might provoke an acidosis and possibly also induce a porphjTic 
attack. For somewhat more than a week however she was put on a low 
protein diet. It chiefly consisted of carbohydrates in the form of sugar, 
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from such inborn errors of me! abolism as alcaplonuria and Polling’s disease. 
Another important difference is purely quantitative. Whereas lioino- 
genlisic and phenylpj'rouvic acid are excreted in grammes daily tjic excre- 
tion of porphobilinogen may probably be measured in milligramnios. 

It is to be regretted, that our knowledge of the connection be! ween 
porphobilinogen and other substances of llie animal organism has not been 
furthered through these experiments. The negative conclusion however 
that such pyrrole-containing substances in the food as herno- and myoglo- 
bin, chlorophyll and proline can hardly be regarded as sources for the for- 
mation of porphobilinogen seems justifiable. 

Regarding the liislories of the cases a few words ought to be said. 
Case III belongs to family XVI, and she was in 1937 regarded as possiblv 
porphyric although her urine had not been examined. She was sent dow‘n 
to the Medical Clinic in Upsala with the diagnosis acute porjihyria. Her 
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Table 1. 



Vol. of 
urine 
ml/24 
lirs. 

Spec. 

grav. 

P. U./lOO ml. 

P. U./24 hrs. 


Case 


rcduccfl 

fosp.gr. 

1.015 

total 

pro lu Kg 
of body 
weight ■ 

Stage of disease 

■ 

1380 


11.0 


150 

150/7.7 = 
= 19 5 

Recent porphyric 
attack. 

II 

2400 

1,012 

4,9 

5.2 

117 

117,G 5= 
= 18 0 

Recent porphyric 
attack. 

III 

800 

1,021 

10.2 

7.3 

81 

81/4 5= 
= 18.0 

Probably no por- 
phyric a 1 tack. 
Fever caused by 
urinary infection. 

IV 

G25 

1,018 

10.8 

9.0 

68 


Rccen' porphyric 
attack. 

V 

750 

1,019 

7.G 

6.0 

57 


Recent porphyric 
attack. 

VI 

— 

1,025 

10.4 

G.2 

— 


Recent porphyric 
attack. 

VII 

— 

1,03G 

8.6 

3.G 

— 


Latent porphyria. 

VIII 

— 

1,030 

1.4 

0.7 

— ■ 


> V 

IX 

— 

1,022 

4.4 

3,0 

— 


» » 

X 

— 



1,032 

G.2 


— 


» ft 

XI 



1,015 

2.0 

2.0 



» * 


clinical history ho-wevcr was not in any way typical of acute porplij'ria, 
and it was found that she had a severe urinary infection. Sometimes fecal 
matters seemed to be passed with the urine. The tentative diagnosis of 
fistula reclo-vesicalis was made. X-ray pictures failed to demonstrate any 
connection when tlie bladder was filled but from an opaque enema there 
could be seen a fine fistula opening into the bladder. At the operation 
she was found to have bilateral pyosalpinx and there was in reality a fis- 
tula recto-salpingo-vesicalis. Tlie patient died a few days after the opera- 
tion. We do not think, that she ever had any signs of a porphyric attack 
but it seems probable, that her metabolic disorder was aggravated by 
her chronic infection with fever. The case illustrates very well the ob- 
vious but practicallj' important fact that a latent porphyric may suffer 
from another acute abdominal malady than a porphyric colic. 


































































STUDIES ON THE EXCRETION OF. PORPHOBILINOGEN ETC. 9 

Case IV had a typical acute severe porphyria wtli extensive pareses. 
Case V and VI were only suffering from abdominal colics and a rather 
severe intoxication but without any involvement of the nervous system. 
Cases VII— XI were typical latent porphyries without subjective symp- 
toms. The table seems to show that patients suffering from or just reco- 
vering from an attack of porphyria have a higher content of porphobilino- 
gen in the urine than latent porphyries. On the other hand it must be 
observed that the porphobilinogen content in some samples of urine may 
be high even in latent porphyries. 

This may lead to tlie question if there is any maximal excre- 
tion of porphobilinogen which is never. surpassed. The problem is 
not easily solved as it is necessary to make the determinations on 
freshly voided urine, but the amounts excreted pro 10 kg body 
weight seem to agree remarkably Avell in the first group in which 
the patients have had recent subjective troubles (cf. the table 1) 
It may well be possible that there is an upper limit for the abso- 
lute amount of porphobilinogen excreted even if the' concentra- 
tion in the urine in a certain case with a heavy body weight and 
typical oliguria during an attack may be increased ten to twenty 
times during this stage of the disease. The high acidity of the 
urine favours the formation of porpliyriji and jiorpliobilin and this 
causes a very dark colour on standing and a consequent loss of 
porphobilinogen. 


Different types of meute porpliyria». 

The work on the heredity of the malady lias given quile new 
possibilities to study the varying .symptomatology of the disea.‘-'c. 
It is possible to trace the sliglitest synnploms of disease in the form 
of permanent or even transilor}'^ excretion of poiphobilinogen in 
the urine. Such persons suffer from Avhat Waldenstrom has named 
latent porpl.yria (20 of 103 cases in 1937). They yero in ,„r first 
publication suspected to lie candidalc.s for future .severe poniliv- 
ric attacks .and this has later liccome true. Several of llie person's 
vdio wc .at tirst.regarded simply as excrclors of ehromoiiei, (p„r: 
phobilmogen) iiave later developed sucli svnijiloms (Case ol and 

arminoTn ■“‘“"COS ivith ncg.alive findiiuis in 

Case V fy I'-' ""'1 u sisler of 

Case 25) have later developed manifest porpliyri.q. 
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Waldenstrom lias pointed out, that there might exceptionally 
exist a condition called latent porphyria with intermittent porpho- 
bilinogenuria. This is a fact of considerable theoretical interest 
as many of the other inborn errors of metabolism have been ex- 
plained as due to the lack of some normal enzyme necessary for 
the compiets breakdown of that special product in the interme- 
diate metabolism. Such an assumption could not possibly be true 
in acute porphyria as there exist cases noth only transitory excre- 
tion of the pathological substance (porphobilinogen). In Wal- 
denstrom’s experience of about 150 different cases (several of 
these having been followed for up to nine years) this is a very rare 
condition. We have observed a complete disappearance of the 
porphobilinogen from the urine in altogether four cases. Some 
of these will be published later. This fact however seems to show, 
that there must exist all sorts of transitions between the fully 
developed porphobilinogenuria and the cases with only intermit- 
tent excretion. The table confirms this statement. 

One uf us (J. W.) has recently been able to observe 4 brothers 
belonging to a family of porphyries. 2 of them have suffered from 
porphyric attacks Avitli considerable excretion of porphyrin. At 
present they showed a very variable excretion of porphobilinogen. 
"VWien the urine was boiled however it became reddish brown and 
it was possible to extract small amounts of uroporphyrin III, even 
when the porphobilinogen could not be identified with absolute cer- 
tainty. In the two others no porphobilinogen or uroporphyrin could 
be identified. The possibility that the excretion of these substan- 
ces may be intermittent has to be taken into account. 

Another problem that has attracted considerable interest is the 
possible difference between the metabolic processes during the 
day and night. A very large number of determinations on Case 
I and 11 showed no definite differences of this kind as regards the 
excretion of porphobilinogen. 


Influence of reaction on colour of urine. 

The question about the efficacy of »alkali therapy)) has received 
some attention since it was first introduced by Muller at the end 
of the last century. He found that the urine from a case of sulpho- 
nal porphyria had a very high acidity and therefore tried to give 



The influence of Ph on the colour 
of the urine in acute porphyria 



i lo L, S.I, 5.3 5:. 6.0 7.9 l.i h 7.2 



The first six tubes show the colour of the acid urine uflcr standing. 
There has formed mucli uroporpluTin and porpliobilinogcn. When 
the urine is made alkaline through the administration of alkali to 
the patient there is a normal colour of the urine (tubes 7,0, 7,7 
and 7,2). The last two tubes show the changes in colour when a 
urine with P^j 7,2 (left) is made acid and l)oiled for about 10 mi- 
nutes (right). There arc then momentariiv formed the same large 
amounts of porphobilin and uroporphyrin as are .seen when the 
acid urine is left standing at room temperature for some days or 
weeks. All the samples ware 24 hour specimens and all contain 
practically the same amount of porphobilinogen. 
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the patient alkalies. The colour of the urine lightened rapidly 
and the condition of the patient improved after this tieatment 
(and after the sulphonal medication had been stopped!). Our own 
experiments have shown quite distinctly that there is no change in 
tlie amount of excreted porphobilinogen. The light colour of the 
urine is therefore no indicator, that there is a real improvement 
in the metabolic disorder. On the other hand it does not seem irn- 
probable, that the neutralization of the tendency towards acidosis 
during the acute porph3Tic attack may have a favourable influence 
on the »toxic» condition. 


Excretion of porphobilinogen and its relation to other clinical 

symptoms. 


The mechanism of an acute porph3’Tic attack with its var3dng 
symptoms from a great many organs might be explained in one 
of the t\vo following wa3's. 1 ) It ma3' be assumed that a fault3' 
metabolism of some p3Trolc compounds leads to the formation of 
(foreign) toxic substances. The ma]ad3'- would then have to be 
regarded as an autointoxication. 

2 ) A rapid pathological breakdown of some necessary cell consti- 
tuent containing pyrrole nuclei might result in a severe derange- 
ment in cell function. Tlic cells are thus deprived of some necessary 
factor (enz3mie?). 

In both cases the excretion of porphobilinogen with the urine 
is the detectable sign of a disturbance in the synthesis or brcalc 
down of pyrrole compounds. 


Ad_ I) In 1937 one of us (J. W.) put forwards tlie. hypothesis 
that in acute porphyria there might exist a tendency to double 
carbox 3 dation already of the simple p3TroIe substance.s. Under 
such circumstances they were no more available, for the SNiithcsis 
of protoporphyrin and were therefore excreted. According to our 
view this theory might explain also the facts tliat have become 
knom. througi, our last chomical work, ft Ms never been proved 
ba 2 orphob.h„ogen itself has any Mporlance for the production 

responsibr^T?'’ dl be m.ade 

responsible The experimental work by Waldenstrom and Wendt 

shown that intravenous injections of porphobilinogen solutions 
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into rabbits do not cause any apparent toxic symptoms and the 
compound is excreted as sucli in the urine. 

2) Another possible explanation would be that poiphobilinogen 
is a brealc-down product from one of the enzymes of importance 
for the life of the cells. Schonheimer has shown, that the prosthe- 
tic group of myoglobin does not contain a uroporphyrin and hence 
the theory advanced by many authors about the connection 
between the uroporphyrin in acute porphyria and myoglobin, does 
not seem to be supported by the chemical facts. On the other 
hand the fact that the colourless porphobilinogen is the form in 
which the abnormal substance occurs inside the body malies it 
clear, that it is not necessarily derived from a coloured pyrrole 
substance. It may as well be present in the body in a non-coloured 
substance of essential importance for the cell-life at large (cf. the 
widespread disturbances from the alimentary tract, the kidneys, 
liver, muscles and central nervous system during a porphyric 
attack). 

A thorough examination of urine specimens from a large num- 
ber of normal persons always failed to show any porphobilinogen. 
It is thus evident that the occurrence of porphobilinogen even in 
minute amounts is a sure sign of porphyria. If subjective symp- 
toms are absent the patient may be regarded as a latent por- 
phyric, liable to get severe symptoms later on. In the families with 
porphyria I have also seen such cases wth porphobilinogen in the 
Urine who have never during a long life suffered from any symptoms 
that might be regarded as caused by a porphyric attack. 


Summary. 

1) Tlie excretion of porphobilinogen in the urine has been 
followed quantitatively for a long period in two cases of acute 
poi-phyria. 

2) ’S^dien comparing six )>activc» cases with a recent porphyric 
attack with five t;^q)ical cases of latent porphyria, it is evident 
that the porphobilinogen excretion is considerably higher in the 
former group than in the latter. 
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3) Wlien reduced according io body weight the amount of 
porphobilinogen excreted is remarkably constant among the three 
cases with ))activc» porphjTia. 

4) A diet practically free from proteins did not alter the por- 
phobilinogen output in case 1. A severe reduction in protein intake 
was followed by no changes in case If. ft is concluded, that porpho- 
bilinogen is probably an endogenous mctaliolic product. 

5) The ingestion of alkali causes a rapid change in the colour of 
the urine but is not followed by any decrease in the excretion of 
porphobilinogen. The change in colour is only dependent on the 
rate of porphyrin and porphobilin formation from porphobilino- 
gen in the urine. These changes arc demonstrated on a coloured 
plate. 


Zusammenfassung. 


1. Die quantitative Aus.sclieidung von Porjihohilinogon im 
hlarn vairde langcre Zeit hindurch bci 7,wci vcrschiedcncn Kran- 
ken bestimmt. 

. 2. Seclis Kranke, die neulich cinen porph>Ti.schen Anfall durch- 
gemacht batten, schieden hedeutend mehr Porphobilinogen avis als 
fiinf latente Porph 3 ’Tiker. 

3. Auf Kbrpcrgcwicht umgercchnet isl die ausge.schiedcne. 
PorphobiJinogenmenge auffallend konstant bci drei Fallon mit 


aktiver Porpli 3 Tie. 

4. Starke Einsebrankung dcr Eiwei.sszufulir hat die Porjiho- 
bilinogenausscheidimg kaum liccinflusst. Es wird dor Schlu.ss 
gezogen, dass die Subslanzhauplsaclilicli cinendogencs Sloffwcch- 
selproclukt sein diirflc. 

5. Die Eingabe von Alkali hewirkt cineschnellc Andermig dcr 
Harnfarbo. Die Mcnge des ausgc.scliicdcnen Ponihohilinognuis isl 

r' "I "!: 

i “ nur auf die Ycrl.mdurlo UnnvamlliinR des Pdnilioliilhio'.elis 
m Porpliobilin und Porphyrin, Dicse Tul„,.|ie„ ..-.Ji 
Farbenpholo dcullicli dargc.slc]ll. " iman 
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Reexamination of 79 X-ray-treated Exophthalmic 
Goiter Patients 8-18 Years after Their Discharge.' 


By 

MOGENS BJ0RNEBOE. 
(Submiltcd for publication December 20. 19*13.) 


The increasing frequency of cxoplillialmic goiter, espccialiy in 
the last year (I\Iciilcngraclii) ^ has rendered the question of the 
medical treatment more topical. Nowadays jirohably most clini- 
cians prefer sulftotal tdiyroidcctomy, which since the introduc- 
tion of the Plummer iodine therapy may be said to lie a rather safe 
operation. Still, cases occur continually in which special features 
of the disease in the given case of refusal of the patient to .submit 
to operative treatment malvc it desirable to cmjiloj' medical treat- 
ment with iodine or X-ray treatment. 'Hie qnc.slioji as to Iiow 
much these methods of treatment may ^deld separately has not 
yet been elucidated fully. The present jiajier will deni only witli 
the X-ray treatment. 

As is well known, opinions are highly divergent as to thccffec- 
tivity of this form of treatment. Presumably, however, it may be 
considered establislicd tlial it is effective in several ease.s. Tims, 
by comparison of cxoplillialmic-goiler patients treated medica- 
mentally and patients given X-ray l.realme/it, Penger (2) was able 
to demonstrate that recovery was obtained more nqiidly witli 
X-ray treatm ent. Means & Holmes (3) followed up Ilnur exojdillj.'tl- 

^ Read before the Danish Society of Inlernal Medicine on May 30. 19*13. 
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mic-goiter patients under X-ray treatment and showed that two- 
thirds of the patients improved in immediate connection with the 
treatment; and they claim that this outcome is not very likely to 
he accidental. Eggert Holier (4) found four-fifths of 29 patients 
improved in the first five months of the X-ray treatment, and he 
takes this to prove a causal connection between the X-ray treat- 
ment and the improvement. 

The recovery percentage after X-ray treatment is given some- 
what variably. In this country, Fischer (5) found recovery in 
80 % of the cases, Fenger (6) in 50 % and Raagaard (7) in 78 %. 
Of reports from other countries it will suffice here to mention that 
Means & Holmes (8) give 67 %, Sanger (9) 82 %, Jaguttis (10), 
76 %, Forsell(ll) 75 %, Pfahler (12) 89 %, and Gantenberg (13) 
59 % (these figures cover improved, -j- recovered). However, only 
in a few of these works (Means & Holmes, Sanger) was the reexam- 
ination of the patients carried out after a suitable observation 
period, with personal examination on the patients and with deter- 
mination of the metabolism. In several of the works, moreover, 
only a comparatively small part of the X-ray-treated patients 
could be summoned for reexamination. 

I have tried to contribute to the question about the effectivity 
of this treatment by reexamination of the exophthalmic goiter 
patients under treatment in the Medical Dep. B of the Bispebjerg 
Hospital within the period of 1924 — 34. In these 11 years alto- 
gether 115 cases were treated in this department for hyperthyroid- 
ism. The criteria of the diagnosis were the classical complaints 
— emaciation, sensation of lieat, profuse sweating, palpitation of 
the heart, nervousness, diarrhoea — and the physical findings: 
nersmus restlessness, tremor, tachycardia, enlargement of the 
thyroid, exophthalmos, warm moist skin and — from 1928, regu- 
larly — measuring of the rate of metabolism. No distinction is 
made between exophthalmic goiter in the stricter sense of the term 
and toxic adenoma. 

Of these 115 patients 22 Avere treated operatively; so they are 
excluded from the present material. In passing, however, it is 
to be mentioned that they represent no selection as the distribu- 
tion of the cases betAveen mild and severe among these 22 patients 
practically AA’as the same as in the remainder of the material, although 
this group included no instance of arrhythmia perpet'ua. Of these 
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operated patients 5 died in immediate comiection with the opcra- 
tion. Most of them were operated on before the introduction of the 
Plummer treatment. Tlic remaining 93 patients were treated 
either with X-rays or medicamentally. In the autumn of 1942, 

8 18 years after their discharge from the hospital, I have 

tried to get in contact with these 93 patients. .Information w'as 
obtained about 92 of them^. Of these 92 patients, 17 have died, 
69 were examined by me personally and 6 by means of a question- 
naire. Determination of the rate of metabolism was performed on 
54 of the personally examined, in most cases twice. Electrocardio- 
graphy was employed in 52 cases. 

Of the 92 patients, 7 were men, 85 women. The average age 
was 36 years (var 3 'ing from 10 to 64). Tlie classification of the 
cases after the degree of illness is carried out after Slillstrom (14) 
who merely distinguishes between severe and mild cases, setting 
the borderline at a metabolic rate of 140 — 150 %, and a pulse 
rate of 100 — 110, and with the loss of weight and general condition 
taken into consideration. The severe cases arc again divided into 
cases with and without exophthalmos, Tiic present material con- 
tained the same numbers of severe and inild cases. Of the 46 
severe cases, 27 had exophthalmos. Tlie severe cases willmut 
exophthalmos include the so-called toxic adenoma, which gives 
a higher average age (41 years) for this grouj). Of tlie total 92 
patients 10 had arrhythmia perpetua. 

The treatment of the 92 patients xvas entirely medicamcnlal 
in 13 cases (stimulants, sedatives and iodine). In 79 cases X-rav 
treatment was given. 


The 13 patients receiving only medicamcntal treatment are to 
be mentioned but brie%. They represent a selection insofar as 
they include the verj' severe cases in which it was not found safe 
even to employ X-ray treatment. Pour of those patients died in 
the hospital or shortly after tlieir discharge; one died later. (Two 
of these patients died of cardiac insufficiency, one of thyrotoxic 
cmis one of diabetic coma and pneumonia, and one of pulmonary 
e^ hsm post part™.) Of the sun™„g 8, four nre rvell, tl.ree 
suffering from cardiac insufficiency, ,a,.d one from epilepsy 


^ Ada med. scandinav. Vo}. CXVlI 
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The 79 X-ray treated patients represent the more important 
part of the material, including 38 severe and 41 mild cases. Of these 
79 patients eight were later given operative treatment, 2—7 years 
(on an average 3.3 years) after their discharge; they were all more 
or less ill in the interval between their discharge from Dep. B and 
the operation. Of these 8 patients, four are now well, while four 
are ill. Of the latter, 1 is suffering from myxoedema and 1 from 
cardiac insufficiency; concerning the remaining two, informa- 
tion has been obtainable only by mail: one suffers possibly from 
myxoedema, the other from a relapse of hyperthyroidism. 

This leaves 71 patients who were given X-ray treatment alone. 
Of this total 12 died, 59 are living. The causes of death in the 12 
cases are given in Table 1. The death occurred from 0 to 18 years 

Table 1. 

X-ray~trea(ed, later dead patients (IS). 


Thyrotoxic crisis 2 

Cardiac insufficiency 4 

Hyperthyroidism, Diabetes 1 

Cancer vcntriculi 2 

Meningomyelilis 1 

Meningitis 1 

Pyelonephritis sin 1 


after the discharge of the patient, on an average 5 years after. The 
average age at the death of the patient was 49 years. Autopsy 
was performed on both the patients who died of thyrotoxic crisis. 
Autopsy was also performed on one of the patients who died of 
cardiac insufficiency, revealing mitral stenosis. No detailed infor- 
mation could be obtained about the patient who died of hyper- 
thyroidism and diabetes. Prom Table 1 it will be noticed that 
hyperth 3 Toidism probably was a contributory cause of death 
in 7 of the 12 cases (the first 3 groups in the table). 

Of the 59 patients who were living at the time of the reexami- 
nation, 44 were well, 15 ill. ^ Of these patients 50 were reexamined 
with determination of the metabolism. On their admission to the 
hospital, most of the 44 recovered patients (tvvo-thirds of them) 

^ One of the 45 trecovered* mentioned in the address 30. 5. 43. who 
refused to submit to determination of the metabolism was found on a 
subsequent examination to have a metabolism of 79 — 82 %. 
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presented mild cases of liyperthyroidism, wliilc the entire material 
(the 71 X-ray-treated, non-operated patients) included the same 
numbers of mild and severe cases. Thus the recovered patients 
belong chiefly to the group of mild cases. Several of the recovered 
patients presented some remaining symptoms. 34 % showed 
exophthalmos (as against 68 % on admission) and 7 % showed 
enlargement of the thyroid (as against 84 % on admission). One- 
third of the recovered have to be characterized as mciAmusi) per- 
sons. Tlie duration of illness after the institution of treatment 
is evident from Table 2. llic duration of illness is reckoned from 
the admission to the point of time when the patient felt well and 
was able to resume the usual work to full extent. It will be noticed 
that 77 % recovered in two j^ears or less. 


Tabic 2. 

X-ray-lrealcd, at the rccx'jmination cured palicnh. DimUion of illness after 



admission. 

0- 

-’/2 year 

16 


l/o- 

» 

Hi 

•31 

I - 

2 years 

tI 


2— 

3 » 

3 


3— 

4 » 

2 



5 » 

1 


5 — 

G * 

1 


6— 

7 » 

3 



At the reexamination 15 of the X ri-v- i 
We causes of H,c illness are given in Taii'a f I’ 
thyroidism were all relapses In 6 nfii ' ’ ^ ^ 

l-etwen rceoveo- .md relapse was sevenri"'“ '(Tp ' 

In 6 of these eases the relapse occurred in mi~l i ~ 

■n response to a reducing cure mil, ll.v , , ^ ^ 

of relapse, four were soyZ 1 » 5™d,„). of 0,c eight eases 

Tile TOj-xoedematous patient ’showcd"a" “"o 'loul'tful). 

also suffering from ar“T„™, “ % o-'i 

three patients with cardiac insuffiei ''”® All llie 

Petua; one of them was sufferinl per- 
-ftl. hemiplegia. None of uX® ‘ " “-I-ofae of „p„,„',y 

on auscultation. ^ P^^esented characteristic murmurs 
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In the X-ray Dep. of the Bispebjerg Hospital, in the period 
of 1924 34, the X-ray treatinent for hyperthyroidism, was given 
after two fundamentally different methods: 1) irradiation of one 
field — the anterior surface of the neck — and 2) radiation in 3 
different directions (from the right, from the left, and anteriorly) 
and these three radiations are given at inter\^als of a few days. 

Considering the entire period of 1924—34, irradiation of a single 
field was found to be the dominating method prior to 1928, whereas 
employment of three different directions of the rays dominated 
after 1928. As to the individual dose, it has varied between 
and 2 Sabouraud and 150 — 450 r. In the later years the dosage 
was controlled with the Baastrup-Johnsen dosimeter. Tlie filter 
was 4 — 5 mm aluminium.. The distance employed ;was 23 cm in 
1924—28, 33 cm in 1929—31, and 40 cm in 1931—34. The 
treatment was repeated at intervals of one or more months, 
depending on the clinical sjrmptoms and rate of metabolism. 
The treatment was individualized with regard to the size of the 
single dose as well as to the frequency of the radiations. Thus 
the duration of treatment varied from a single radiation or series of 
radiations to treatment through seven years. Tims one patient was 
given 1 — ^5 series of treatment a year in 1924, 25, 28, 31 and 32. On 
an average the patients received 5 irradiations of a single field or 
3 serial irradiations with 3 different directions of rays. 

The duration of the treatment for the 44 recovered patients 
is recorded in Table 4. The distribution of the duration of treat- 
ment for the ill patients and for those who died shows no distinct 
difference from the distribution in the group of recovered. Further, 
no difference can be demonstrated in the results of the treat- 
ment for the patients treated before and after 1928, when the 
method of treatment was altered. 

Table 3. 

X-ray-trealed, al the reexamination ill patients {15). 


HyperthjToidism 8 

Myxoedema 1 

Cardiac insufficiency 3 

Diabetes mellitus 1 

Morbus Meniere 1 

Neurasthenia 1 



of 79 bxop.,t,uo».c hto. 


Table 4. 

Duration of X-ray treatment for 44 recovered patients. 

0— Va year 26 

y, — 1 1) 5 ’38 = 86 % 

1 — 2 years / 

2— 3 » 3 

3— 4 » 1 

6 * 1 

7 » 1 


Table 5. 

J^esu// 0/' X-raj; treatment. 

All X-ray-treated cases minus patients, who have died (5) and ajc ill (3) 
from affections without connection with hypcrlhiToidism: TL 


Of these 71 arc 

Dead 7 (9.0%) 

Sick 12 (16.9 %) 

Later treated operatively 8 (11.2 %) 

Cured (62,0 %) 


A comparison between the doses licre employed and the doses 
employed in the works cited above is impracticable liccausc Ibe 
authors have failed to give sufficient information about details in the 
technique of irradiation. Here it is to be emphasized that no incon- 
venience from the X-ray treatment was observed in any case in the 
form of any skin lesion. Tlic onl)' patient with severe cliajigo.s in 
tlie sldn had been treated previously in the earliest days of X-ray 
treatment. 

As to the risk of myxoedema, tAVo cases of this kind are found 
in the present material. One of these patients underwent llivroi- 
dectomy after the X-ray treatme.nl; the other received onlv X-rav 

V V 

treatment. The latter patient received two scries of X-ray treat- 
ment in I92d, respectively 2 and 1 Sab. x 3, with an inteiwal 
of tAvo months. Arrhythmia perjictua did not arise in any case, after 
this treatment; AvhcrcATr this condition Avas found, it Avns pre.sent 
also during the patient’s slay in the hospital. 

Tile total result of the reexamination is eAudent from Table 5 
It will be noticed that about two-lliirds of the patio.ils recovered 
under this treatment. This outcome is quite in iiecping willi tlic 
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findings reported Jjy other investigators, especially Means & Holmes, 
•whose work has to be reckoned among the very best in this 
field. If we compare the results obtained wvith X-ray treatment 
with the results from operative treatment — c. <7., in the compre- 
hensive account of Windfeld (1940); percentage of recovery 90, 
and operative mortality 2.8 % — wc have to admit the superiority 
of the operative methods, not least when we consider how quickly 
the result is obtained with this method (97.6 % recovered in less 
than one year). 

The argument that X-ray treatment has no case mortality 
holds good only wth certain rcscr\'ations. For, during the pro- 
tracted treatment, the patients arc apt to die from thyrotoxic crisis 
or from their heart lesion which might have been cured by the 
operation. Still, presumably X-ray treatment will remain employ- 
able in certain cases — namely the very severe and patients who 
refuse to submit to operative treatment. 


Summary. 

A total of 79 exophthalmic goiter patients who were given 
X-ray treatment are followed up 8 — 18 years after their discharge. 
Information is obtained about all of them. At the reexamination 
now, the rate of metabolism was determined on most of the patients 
still alive. 

Of these 79 patients 5 died and 3 arc suffering from affections 
irrelevant in this connection. Of the remaining 71 patients 8 were 
later treated operatively (11,2 %), while 7 died (9.9 %), 12 are ill 
(16.9 %), and 44 are well (62.0 %). 

In 2 cases the cause of death was th}Totoxic crisis, in 4 cases 
it was cardiac insufficiency. Of the sick patients 3 suffered from 
cardiac insufficiency, 8 had a relapse of hyperth3'Toidism, and 1 
had myxoedema. 
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Some Remarks on The Varialion with Latitude 
of The Steepness of The Epidemic Curves 
of Poliomyelitis. 

By 

HELGE PETERSEN, Copenhagen. 

(SubnillU’d for publicalioii October 15, 1013). 


In Ada nicdicn .scarid, 1913: 775, .■)G0, after making a .sunimarj- 
of the epidemic, tlieory laid down by me, Merman Wold Itas given 
an aeconnl of an atlemjit, made liy him. to test the regular 
variations with latitude of tlie steepness (or the dispersion) of 
the epidemic eur\’es of {loliOmyelilis on the l)asis of some Swodi.sh 
epidemics. Hermaji Wold finds tliat his test does not confirm 
my results and states that my theon* ^contrasts keenly to other 
approacheso. 

I ■would like to take the opjtortunity of making a few remarks 
in connection with this account. 

Considering the ejiidemic curves of i)oliomyelitis as nonnal 
curves of distribution, and computing the dispersion, p, for a 
number of epidemics from various countries, I h.ave found (see my 
papers in Acta medica scand., fasc. Ill — V 1911 or Nordisk J^Iedi- 
cin 1912; 16; 3509) that, though the value of dispersion for the indi- 
vidual epidemic may exhibit deviations, these deviations arc quite 
independent of I he extent of the epidemics (which in resju'ct of epi- 
demics in New York ranges from 100 to 13000 cases) as well as of 
the size of the population (which as regards Danish cj)idcmics varies 
from 40,000 to 1 million). 
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Further, the deviations of the individual epidemics in tlie 
individual country are in most cases so small that the mean values 
of a for the individual country may be detennined witli a mean 
error varying by 2—10 per cent, whereas the [x-valucs for the diffe- 
rent countries vary by up to 200 per cent, in such a manner that p. 
increases quite regularly, when going from countries in high lati- 
tudes to countries in low latitudes. It thus appears that the value 
of {A yields an adequate quantity for expressing numerically the 
general experience that epidemic curves of poliomyelitis aie steeper 
in high latitudes and smoother in low latitudes. 

I wish to emphasize in this paper, as I liave already done in »Nor- 
disk Medicine (p. 3520), that the said regularity only appears dis- 
tinctly for small latitude variations, when mean values of p. for seve- 
ral epidemics from the same latitude are available, owing to the 
fact that the individual epidemics may occasional!}'' exhibit rather 
considerable deviations. Now Hcnnan Wold uses only one epidemic 
from one particular locality, and therefore it is by no means sur- 
prising that he does not find any regularity. However, compuling 
the mean value of the 17 epidemics, used by Herman Wold, wo 
get p = 3.7 ±0.2, and computing the »gravity centre» of the cor- 
responding latitudes, we get about 59°; and according lo fig. 13 in 
my paper in Nordisk Medicin 1942: 16: 3509 the value of pgg .should 
be 3.4. Tins accordance must, I think, be called rather good. — 
Examining the individual epidemics in Wold’s graph, we sec 
that it is only the tlirec epidemics at 56° and the two cjiidemic.s 
at 63°, which deviate to any essential degree. Actually, comjni- 
ting mean values ior p^.^ - (2 epidemics), p (4 epidcmic.s), and 
1^59.5 (6 epidemics), we get the values 4.2, 3.8, and 3.5; obviously, 
these values confirm very nicely the wiormal.) decrease of {a with 
increasing latitude, though the values being a litlle lo high. 

Bui a must he admitted that the values for and 63° exhibit rather 
great deviations. 


However, as already slated in nn- previous paper, I miijlii add 

several more examples of epidemics, wind, do nol nvree will, I ho 
regu lanty i„ ^ 

101 , “P''''""'® Sweden during the years 

f™"'' Uiot most of the local cpi.lcmics, on aocoiml 
o! a e.r irregular course, do not pennil „ compulaliou of a 

the ep, dcm.es, which appear lo have a rogul.ar course, will, a 



26 


HELGE PETERSEN. 


few exceptions, give a value of p,, which agrees with the general 
rule. 

Now, the irregularity which occurs in minor epidemics of polio- 
myelitis may to a certain degree be accounted for by the difficulty 
in establishing the correct time for the setting in of the single case; 
for, obviously, seeking the form of the epidemic curve, i. e. the 
variation with time of the occurring numlmr of cases, it must be 
of importance that all cases are »picked up)> at the same stage of 
the development of the disease; if some of the cases are noted at the 
time of the first sign of the illness and others on the day of hospita- 
lizing, deformations of the curve may occur; this source of error is 
of course without any connection with the correctness of the diagno- 
sis, but the errors may occassionally be of systematic character and 
thus give rise to irregularities. But it must also be borne in mind 
that the very assumption that the matter of infection be mbiquitous)), 
involves the possibility of great and characteristic deviations from the 
regular course of the epidemics; for, as emphasized in my paper 
in Nordisk Medicin (p. 3522), the appearance of the regular theoreti- 
cal course of the epidemic depends on the presence of a stationary 
state of the ubiquity of the matter of infection, and every alter- 
ation of this state during a running epidemic must entail a corres- 
ponding deviation from a regular course of the epidemic. 

Dealing with Swedish epidemics, it is pertinent in this place to 
mention as an example the theory of C. Kling. This theory main- 
tains that waters are of essential importance for the dispersion of 
the matter of infection on account of their containing tiny orga- 
nisms, which may act as intermediary hosts for the matter of in- 
fection. If this theory proves right, we have got one of the different 
ways by which the ubiquity is realised. (In connection herewith 
I would like to point out that the theory of ubiquity thus embraces 
the results of C. Kling rather than »contrasts)) to them.) Other 
wa 3 ’^s, in which the ubiquity may be realised, are possibly more 
direetty connected with the sick individuals, although normally, 
the}' need not consist in an actual transmission of a matter of in- 
fection from one case to the next new case. Finally, and this 
possibility should not be overlooked, also »sound carriers)) may be 
active in establishing the said ubiquity, besides which there may still 
be other ways altogether different from those above mentioned. 
The stationarj' state involves that none of these different media- 
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nisms, contributing towards spreading the matter of infection, arc 
prevailing, and only then should the regular curve be considered the 
most probable one. But if the different mechanisms have not 
reached their full height of intensity, one ~ or several ~ of them 
may prevail, and, this being the case, the course of the epidemic 
will ondoubtedly be correspondingly affected by the prevailing 
mechanism, and the shape of the epidemic curve will consequenBy 
not exhibit the characteristics of the curve representing the varia- 
tion of the resistance of the individuals, as assumed in type c, 
nor the variation of the virulence of the matter of infection. (Sta- 
tistics as such cannot distinguish between these two complement- 
ary possibilities). This state of nimperfect ubiquity» is most likely 
found in regions wdth many waters (if Kling’s theory lie riglit), 
sparse population and little traffic; consequently it docs not seem 
strange that sparsely inhabited counties as Vastcrnorrland and 
Jamtland do exhibit deviations. 


In part y of his paper Herman Wold makes tlie conjecture that 
the latitude relation)), mentioned in my papers, be without any 
reality, on the assumption that the found variation of p, is a result 
of some unknown effect of variations in the size of the population, 
which is in direct opposition to the, independence of the size of popu- 
lation, found by me (see introduction). — Yes, this map of course 
be so. The case map also be that the found variation of p, with 
latitude is the mere result of various casual irregularities of the 
above named nature, — and, by the bye, there is also the possibi- 
lity tliat tile relation, claimed by C. Klijig, between the dispersion 
of the cases of poliomyelitis and the presence of waters, is to be 
attributed to a partiality in the population of settling down in 
regions with waters, and not to the effect of po.ssiblo inlermediaiy 
hosts (see Birger Jonsson: Zur Epidemiologic der Kindorliilmiung, 
Stockholm 1938). As far as the author has grasped the mailer, 

several features of the epidemiology of poliomyelitis do not agree 
with this theory. 


On the whole it stands to reason that if wc allow ourselves to 
Je satisfied with pure conjeclarcs, we may find numerous different 
»exp anations». But that seems to me to be rather unsatisfactory. 

as HeZ w n ‘I" relatio,,, vo., mm,, 

a Herman Row apparently suggests, acco),l, n more comecl.iro 
about patent, a/ causes. But you „,„y t,.y to peuelrate Cev 
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into the matter and find an agent by which to explain the relation 
to latitude. Obviously such a task must, at the beginning, be an 
attempt only; but the establishment of m,ost )>laws», governing 
the phenomena of nature, have undoubtedly developed from such 
attempts, and I find it permissible to state that only continued 
numerical investigations, and not mere conjectures, can weaken 
or confirm the numerical evidence given by me for the existence 
of the relation between the disperson of the epidemic curve of 
poliomyelitis and the variation of light with latitude. 

Finally I wish to add that I agree with Professor Wold in his 
opinion that my poliomyelitis theory rests on a weaker basis as 
compared with the theories a and b (Wold’s notations); for 
— fortunately — poliomyelitis is a rare disease, so that is has 
not been possible to perform the test in respect of this disease 
to the same extent as in respect of the common diseases; and 
this, most especially, holds good vdth regard to the supposed 
relation to light, ft should only be taken as a first' attempt to 
detect a trace of lawfulness in a complex of phenomena, which, so 
far, have heen rather puzzling. On the other hand, it seems 
rather difficult to regard the relation found as a purely 
haphazard phenomenon, as Professor Wold proposes, when so 
many mutually independent features fit in so astonishingly well. 

If, from a biological point of view, a relation to light is to be con- 
sidered less probable (I am no biologist), the correct way should 
in my opinion be to find another cause for the well known rela- 
tion to latitude, which fits in satisfactorily with the observed 
behaviour of a great number of epidemics. 
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Investigations on the Content of Reticulocyte- 
Ripening Substances in the Plasma in Various 
Forms of Experimental Anemia. 

By 

CLAUS MUNK PLUM. 

(SubmiUcd for pubUcalion December 13, 1913). 


In reports of previous investigations an account was given 
of the content of reticulocyte-ripening sultslanccs in plasma derived 
from a number of different animal species [C. i^I. Plum 1913 (3)]. 
Here it was established that tlterc is a certain correlation between 
the content of ripening substances in Ibc plasma and the amount 
of reticulGcj-tes in the circulating blood, animal species in wbicli 
normal full-grown animals have numerous reticulocytes sliowing a 
corresponding smaller amount of ripening substance Iban animals 
with few reticulocytes. In a number of cases in which crylhropoic- 
sis was increased, an increased amount of ripening suifstances was 
demonstrated in the plasma. This applies for instance lo young, 
not Jiematologically full-gi-own, animals, and to animals made 
anemic by repeated blood-letting [C. M. Plum 1943 (4)]. 

On the other hand, rve have ascertained that the plasma of 
patients suffering from pernicious anemia (a single case reported bv 
Jorgensen & Plum, 1943) contains less ripening suly.slance tlian 
the plasma of normal human subjects [C. M. Plum 1942 (2)}. 

In order to elucidate the connection between the content of 
ripening-substances in tlic plasma and the crj'thropoiesis it is 
therefore, of interest to ascertain the l)cbaviour of. the ripening 
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substances in different forms of anemia. So in the present paper 
I iiave examined divers forms of experimental anemia and their 
influence on the content of both fully ripe and preformed (i e 
tjTosine-activable) ripening substance in the plasma. 

Most forms of anemia may be classed in one of the following 
three groups; 

1) A decificient supply of raw materials such as iron, copper 
etc, that is to say, substances co-operating in the formation of 
hemoglobin. These are the so-called deficiency anemias. 

2) Increased necrosis of erythrocytes, the organism not being 
able to satisfy the consumption by its own aid. These are the so- 
called destructive anemias, and 

3) a deficient function of the bone marrow, that is to say, the 
hypo- or aplastic anemias. 

[See also W. B. Castle & G. R. Minot, Pathological Physiology 
and Clinical Description of the Anemias (1936)]. 

Milk Anemia. 

Scott (1923) reported that the young of rats fed exclusively on 
milk became markedly anemic while the mothers did not develop 
anemia. Hart, Elvehjem and co-workers (1928) showed that if 
young rats arc put on a diet consisting exclusively of milk they 
develop anemia. If rats in which anemia had thus been induced 
through the one-sided diet were given iron, the iron supply of the 
organism increased but no effect could be traced on the hemoglo- 
bin formation; but if in addition to the iron they were also given 
a supply of copper a rise would be noted in the amount of hemo- 
globin, as a rule accompanied by a reticulocyte crisis. 

The form of anemia developing on a milk diet thus seems to 
be due to a deficiency of iron and copper in the food. 

Method. For the experiments with milk anemia in this labor- 
atory were employed male as well as female white rats one month 
old and weighing 40—70 g (average weight 55 g). 

Four male and four female rats were placed in glass containers: 
The floors of the glass containers were covered with shavings and 
sawdust, the lids were of wood so that the animals did not come 
in contact witli metal in the experimental period. Four male rats, 
representing the controls, were placed in ordinary \vire cages. 
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Diet The rats in the glass containers received svhole .nilk 
(stassanised) ad lib. while the tour controls received the breeding 
diet generally employed in this lahoratop. consisting of 

skim milk powder 

■3.7.5 kg 

iTa^Sii 7.50kg 

+ 3000 units of vitamine A + 100 units of vitamine D per kg 
mixed food. 


Analyses of the blood. 

All the investigations were made on blood derived from the 
caudal veins. The blood was taken as previously dcscril)ed [C. M. 
Plum 1943 (5)], first for the usual analyses (for hemoglobin, erylliro- 
c}'te-Ieucocyte-reticuIocyte counts, and smears for the differen- 
tial count) in a drj^ test Lube with dry oxalate-fluoride at the bot- 
tom (9 g potassium oxalate -f 1 g. sodium fluoride), after wljich the 
amount of blood required for determination of the ripening index 
in the ripening experiments [for the metliod see C. M. Plum 1012 
(1)] was collected in another test tube, coagulation l)eing prevented 
by sodium citrate (3.8 % solution). The results will appear from 
Tables 1 and 2. 

In all the rats on the milk diet a fall was seen in the amount of 


hemoglobin, even though it cannot by any means compare with 
the results shown by Hart & Elvehjem Avho found that llie amount 
of hemoglobin was reduced to 33 %, while in I he present experi- 
ment only a fall to 60 % was found. Some of the animals, simul- 
taneously with the fall in the hemoglobin formation, showed a 
rise in erythrocytes. The diameter of the er\'lhrocyte.s iji these 
cases is reduced by 15—25 %. Hence a microcylotic hypochro- 
mous anemia has developed. Coincident witli the onset of the 
anemia the organism itself tries to improve conditions by an in- 
creased erythropoiesis, as evidenced by the increased amount of 
reticulocytes. 


The reason why we did not find as great a fall in the amount of 
hemog obm as other workers, may po.ssibly be tliat wc used slas- 
samsed milk for the investigations, wliich unlike the raw milk of 
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Table 1. Analysis of the blood of 4 rats on a milk diet with subsequent 


Diet 

16/4—12/6 

iSIilk 

o 

io Ptf 
cn tn cj 

^ ^ lo 

ra era <x 
n o 

co O g 
Om ^ 

16/4—12/6 

Milk 

o >-*• 

CJi cn 

3 3 1 

3 JO 

OCi 00 

O ^ o 

cn QS 



16/4—12/0 

Milk 

Sex 



? 

Date 

16/4 

15/5 

12/6 

28/6 



12/6 

28/6 

16/4 

15/5 

12/6 

Weight g .... 

63 

134 

182 

204 

46 

104 

158 

168 

70 

127 

154 

Hemoglobin % 

100 

81 

7 

116 

94 

90 

79 


100 

84 

74 

Erythrocytes . . 

6.83 

9.01 

7.23 

8.51 

7.90 

10.17 

7.21 

8.39 

8.92 

8.73 

10.03 

Leucocytes .... 

9.240 

7.200 

7.640 

9.840 

8.680 

8.240 



8.420 

6.580 

8.12C 

Reticulocytes. . 

11 

60 

106 

10 

16 

72 

86 

12 

12 

83 

142 

Ripening index 

0.83 

0.87 

0.94 

0.80 

0.79 

0.88 

0.99 

0.79 

0.80 

0.89 

0.99 


Table 2. Analysis of the blood of 4 rats on a milk diet with subsequent. 


Diet 

16/4—29/5 

Milk 

29/5—18/6 

Breeding 

diet 

16/4—29/5 

Milk 

29/5—18/6 

Breeding 

diet 

16/4—29/5 

Milk 

Sex 


<? 

? 

Date 

16/4 

15/5 

29/5 

18/6 

16/4 

15/5 

29/5 

18/6 

16/4 

15/5 

■ 29/5 

Weight g 

77 

155 

163 

245 

47 

112 

123 

206 


88 

90 

Hemoglobin % 

100 

82 

74 

103 

105 

84 

70 

94 

96 

96 

74 

Erythrocj^tes . . 

7.93 

8.53 

11.51 

5.89 

8.31 

9.23 

10.86 

6.42 

8.29 


12.24 

Leucocytes .... 

7.440 

9.840 

8.120 

8.440 

8.440 

8.200 

9.240 

11.860 



9.320 

Reticulocytes ®/oo 

12 

85 

130 

16 

10 

70 

152 

10 

10 

66 

160 

Ripening index 

0.79 

0.91 

0.96 

0.78 

0.80 

0.90 

0.98 

0.80 

0.80 


0.98 


Upon a change of diet, either after giving the animals an addi- 
tional amount of iron or copper (Table 1) or by substituting for the 
milk diet the ordinary breeding diet, the animals’ requirement 
of iron is covered, and after a while normal conditions will again be 
seen in the blood picture. 

Whether the effect of this supply of iron is exclusively of im- 
portance for the formation of hemoglobin it is difficult to say, 
the animals on the milk diet did not thrive well (cf. the weight 
curve), but with the addition of iron a distinct increase in weight 










































irfVESTIGATIONS ON THE CONTENT OF RETICUI-OCYTE-RIPENING ETC. 33 



Conclusion. 

develop. Tlie anemia is accomnoniM t™'"'' 

increased formation of reticulocvfp r- ■'itmuiocyfosis and an 
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Abscissa; Time in clays. 

Ordinate: ■ Percentage oi hemoglobin (Zeiss Ikon). 

(100 = 100 o/n). 

X X No. of erythrocytes in millions in mm®. 

(100 = 5 mill.). 

O— .. — O No. of reticulocytes per thousands. 

(100 = 200 ). 

^ jNjo. of reticulocytes in mm® (calculated from erythro- 

cytes). 

(100 = 500,000). 

0 O Reticylocyte ripening index. 

(100 = 1 . 00 ). 

1 Quantity of blood taken in cm®. 


Hemorrhagic Anemia. 

For these experiments 'white male rabbits were used. In the 
experimental period they were kept in separate cages on a diet 
consisting of hay and cabbage-leaves. 

The animals were rendered anemic by heart puncture daily or 
every other day, about 40 cm® of blood being taken each time. 

On inducing anemia a rapid rise is observed in the number 
of reticulocytes until a plateau is reached round which the figures 
fluctuate. Tlie percentage of hemoglobin and the number of 
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erythrocytes fall and form a plateau (see the figure). After a period 
of long treatment a premortal fall in the number of erythrocytes 
and the percentage of hemoglobin is often seen, accompanied by 
great fluctuation in the number of reticulocytes. 

If the heart punctures are stopped a further rise in the number 
of reticuloc 3 rtes is often observed the next day, after which a fall 
occurs accompanied by a rise in both the hemoglobin percentage 
and in the number of erythrocytes, and in the couise of 2—3 weeks 
the animal is practically restored, Schwarz, 1940. As regards the 
ripening index, it will be seen from Fig. 1 that this rises. The 
ripening index rises to a plateau that appears simultaneously with 
the rise in the number of reticulocytes and falls to normal when 
the blood-letting ceases in the same time as is necessary for the 
animal to be restored. 

Conclusion: 

From these experiments it appears that the concentration of 
ripening substances in plasma rises when anemia is induced. 

It seems evident that the rise in the concentration of ripening 
substances can be regarded as a compensatory measure on the 
part of the organism for the loss of blood, like the compensatory 
Jiypertrophy of the marrow during chronic hemorrhagic anemia. 


Hydroxylamine Poisoning. 

Hydroxylamine is a blood poison which converts hemoglobin 
into methemoglobin, like for instance phenylhydrazin, phenyl- 
hydroxylamine and hydrazin. 

If hydroxylamine is given in large amounts to the experimen- 
tal animals a vigorous destruction of blood sets in which will cause 
death. If, on the other hand, small doses are administered daily 
the hydroxylamine, like other related substances, will at fimi cnu.se 
a severe anemia which will later subside somewhat Tin's is partly 
ecause the erythrocytes become more resistant than normal 
(Mora^tz & Pratt, 1908, Suzuld 1912), but in the first place be- 

-tivit, (Tnu,™, 

is “ ^esoneratoiy nnemia 

ed, 1 . e. a form of anemia whicl. is characterised by an 



36 - ’ ~ ‘ CLAIJS MUNK PL.TJMv'' 



Fig. 2. Variations in the blood picture and ripening index during hydroxyla- 

mine poisoning. 

■ ■ Reticulocytes in ®/eo. 

^ ^ No. of erythrocytes in millions in cm®. 

O O Percentage of hemoglobin (Zeiss Ikon). 

# # Ripening index for plasma. 

X X Ripening index for plasma plus tyrosine (0.1 mm® l®/eo)- 

t 1 t Injection of hydroxylaminc. 


enormous activity of the bone marrow which is taxed to the ut- 
most to check the destruction of the blood, (see further Jacobsen, 
Plum and Milwertz, 1939). 

Tlie experiments were performed on white male rabbits kept 
in separate cages during the experimental period, on a daily diet 
of hay and cabbage leaves. 

Daily examinations of the blood were made on venous blood 
from the ear; the determinations were: hemoglobin deteitoina- 
tions, counting of erythrocytes, leucocytes and reticulocytes. At 
intervals the content of ripening substances in the plasma was de- 
termined by the method previously described [C. M. Plum 1942 
(1)], the blood for these investigations being taken ad modum Sjo- 
wall (1936). The animals received daily an intravenous injection 
in the ear of an aqueous solution of hydroxylaminc hydrochloride, 
0.5 cm® corresponding to 5 mg of hydroxylamine hydrochloride. 
They were given 0.5 cm® per kg body weight. Tire solution was 
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neutralised to pH 7.2, too acid solutions causing severe pain and 
thrombosed veins. The rabbits tolerated these injections well. 

Hie results will appear from Fig. 2. 

As will be seen, a fall very rapidly occurs in the hemoglobin 
percentage and the amount of erythrocytes, accompanied by a 

rise in the number of reticulocytes. 

On examining the content of reticulocyte-ripening substa ces 
in the plasma a rise in. these was found, corresponding to the rise 
in the reticulocytes. This must be interpreted as a compensator}^ 
production of ripening substances to prevent the great fall in 
erythrocytes, exactly like that observed in the animals with hemor- 
rhagic anemia. 

"Wlien the injections were discontinued a gradual increase was 
seen in the erythrocytes, accompanied by a rise in the hemoglobin 
percentage and a fall in the reticulocytes. At the same time a fall 
was observed in the amount of ripening substances. 

Conclusion. ' 

Treatment with small doses of hydroxylamine is seen to cause 
anemia accompanied by a rise in reticulocytes and in the amount 
of reticulocyte-ripening substances in- the plasma, Tliis must be 
regarded as a compensatory process on the part of the organism in 
order to make up for the increased destruction of the blood. 


Benzol Poisoning Anemia. 

Chronic benzol poisoning is generally stated to be accompanied 
by a reduction in the function of tlie bone marrow. 

The benzol tolerance, however, varies individually. 

The effects of benzol poisoning manifest themselves c.speciaJly 
m the change in the blood and in injuries to the bone marrow. 
In individuals who are particularly sensitive to benzol pronounced 
leucocytopenia and thrombopenia are seen: the bone marrow be- 
comes hypo- or aplastic, and distinct necrobiotic changes appear 
p the.granulocytes. In individuals less sensitive to bcnrol few 

M a rule unaltered or a si, ght hyperplasia may be seen Further 
particulars may. be gathered from .Pathological Physiology and 
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Clinical Description of the Anemias,) (W. B. Castle & G. R, Minot, 
1936); Handbuch der experimentellen Pharm'akologie, 1 Bd. 1923- 
and Downey’s Handbook of Haematology, 1938. 

Method. 

White male rabbits were used (weight 2250—2800 g). During 
the experiments they were kept in separate cages on a diet of hay 
and cabbage leaves. 

Daily determinations were made of the hemoglobin percen- 
tage, and the erythrocyte, leucocyte and reticulocyte count on 
blood taken from' an ear vein. At intervals 5 cm® of blood were 
taken from an ear vein ad modum Sjowall (1936) to determine the 
content of ripening substances in the plasma, 

Tlie benzol poisoning was carried out in the following way. 
2.5 cm^ of benzol plus 2.5 cm® of arrachis-oil were injected subcu- 
taneously every day in the back, a method indicated by Schilowa 
amongst others (1930). 

Tile results of Dvo experiments ■will appear from Fig. 3. 

Tliese two animals died in the course of 6 — 8 days, one imme- 
diately after an injection. The other was lulled, as a total para- 
lysis of the hindpart following m fracture of the colunm set in. 
Tw'o other animals were likewise treated with benzol injections 
subcutaneously, but as there was not the least trace of a response 
after 10 days the injections were discontinued. 

Tlie method suggested by Langlois & Desbouis (1907) for expe- 
rimental benzol poisoning was tried on a number of rabbits, 2 cm® 
of benzol being injected intravenously into rabbits weighing 2500 
g, but the animals died immediately after or during the injection. 
Smaller doses were tried but even doses of 0.2 cm® caused the 
death of the animals. 

Some few rabbits were treated with subcutaneous injections 
for some time but when a suitable fall in the amount of erythro- 
cytes, hemoglobin and leucocytes had set in, the injections were 
discontinued (Fig. 4). 

As will be seen, in some of the cases there is a tendency to 
leucocytosis at the beginning of the experiments, as described by 
Schilowa (1930). But after this a fall occurs in the amount of the 
leucocytes. The number of erythrocytes decreases during the 
injections on a line with the amount of hemoglobin. The reticur 
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Fig. 3. 


Variations in the blood picture and ripening index during benzol 

poisoning. 


Q ■ - 0 Percentage of hemoglobin (Zeiss Ikon). 

A No. of erythrocytes in millions in cm®. 

H 11 No. ot leucocytes in thousands per cm®. 

0 j No. of reticulocytes in ®/oo. 

X X Ripening index for plasma. 

^ p Ripening index for plasma plus tyrosine. 


locytes increase in number during the first days after the injection, 
but then decrease. Even though the comparative rise agrees -witli 
e. g. Schilowa’s findings, we have never in this laboratory seen reti- 
culocytes in the amounts stated by that investigator. Examina- 
tions of normal animals show values ten times as low as those of 
Schilowa. 

During the brief treatment with benzol an increase is seen (Fig. 
3) in the reticulocyte-ripening substances of the plasma. 

Section of the animals after 6 — 8 days’ treatment wdtli benzol 
distinctly showed the individual variations in the benzol toler- 
ance, In some animals a hyperplastic bone marrow was found or 
a hyperemic bone marrow with numerous megakaryocytes, other 
animals showed a hypoplastic hone marrow %vith many dilated 
vessels. Every%vhere numerous cells occurred with pylcnolic nuclei 
in which the chromatin was gathered in rings or clumps. 

All the animals, both those with a hyperplastic and those with 
a hypoplastics bone marrow, showed an increase in the ripening 
substances of the plasma. 

In animals in which the injections were discontinued (Fig. 4) a 
distinct fall in the function of the bone marrow set in, as estimated 
by the peripheral blood picture; then after about 8 days' unaltered 
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Fig, 4. Variations in the blood picture and ripening index during benzol 
poisoning and subsequent remission. 


A A 

O O 

□ □ 

A -A 

• • 


X X 


t t 


Percentage of hemoglobin (Zeiss Peon). 
No. of erythrocytes in millions in cm=’. 
No. of leucocytes in thousands per cm^ 
No. of reticulocytes in “/jj. 

Ripening index for plasma. 

Ripening index for plasma plus tyrosine. 
Injection of benzol. 

Taking of 5 cm® blood samples. 


blood picture a sudden rise occurred in the amount of leucocytes 
as well as reticulocytes, followed by a rise in the hemoglobin per- 
centage and erythrocyte count. Tins sudden change in the blood 
picture must be supposed to be due to a sudden cessation in the 
blocking of the marrow. 

The ripening substances which had greatly increased in amount 
as a result of the benzol poisoning kept this level until the above- 
mentioned blocking of the bone marrow had ceased, after which 
the amount of ripening substances fell to values below the normal, 
only to rise again to noimal values, while at the same time the 
peripheral blood picture also became normal on other points. 

Conclusion. 

During benzol poisoning a reduction takes place in the func- 
tion of the bone marrow, accompanied by an increased production 
of reticulocyte-ripening substances; conditions ■ which are other- 
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wise observed when heavy demands are suddenly made on the 
ThflitJ of the organism to produce blood cells beyond the dady 

requirenient. 


Discussion. 

On reviewing the various experimental anemias here described 
it will be seen that all the anemias investigated, no matter wliat 
their origin, are characterised by the occurrence of increased 
amounts of reticulocyte-ripening substances in the plasma. It 
has been pointed out several times that we interpret this as a link 
in the compensatory measures at the disposal of the organism for 
combating anemia. Tliis agrees entirely witli the fact that the 
amount of ripening substance is increased during the increase in the 
eiytliropoiesis in the early 3 ^ears of life fC. M. Plum 1943 (4) and 
Jacobsen & Plum, 1943j. • 

Jacobsen & Plum have shown [1942 (1—2)] that thyrosine fortns 
a part of the ripening substance complex. The addition of an extra 
amount of tyrosine to liver extract increases the effect of the 
latter on reticulocjde ripening, and C. M. Plum [1943 (6)] has 
shown that a tyrosine effect can be demonstrated not only on liver 
extract but also on extract or expressed juice derived from other 
organs. In the stomach especially there are substances which in 
themselves are inactive or but little active as ripening substances, 
but by the addition of t^Tosine may be activated and affect Die 
ripening of the reticulocytes. 

It is uncertain which components within the ripening sub- 
stance group are increased under tlie circumstances here described. 

By blocldng the reticulo-endothelial system in rabbits Jacob- 
sen & Plum [1943 (3)j showed that the amount of ripening sub- 
stances falls as a result, but that the plasma contains substances 
which can be activated by tyrosine. 

It must be assumed, therefore, that substances are produced in 
the organism which are inactive in themselves but when coupled 
with tyrosine form substances capable of affecting the ripcnin« of 
the reticulocytes. 


In the forms of anemia investigated in tliis work it is seen that 
tlie mcrease in ripening substances is due to an increase of the 
whole complex as the addition of an extra amount of tyrosine is 

' the plasma!'”' ' =^'>l=sl«nces of 
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Renal Rickets. 

By 

JOHN TOMENIUS. 

(Subnulted for publication December 8, 19-13). 


Renal rickets (renal dwarfism, renal infantilism) is a disease, 
that was first described by R. C. Lucas in the Lancet in 1SS3. 
Since then cases %vith similar symptoms have been recorded parti- 
cularly in America. In Sweden cases have been described by 
Faxen (26), T. Gordh & K. Kaijser (10, 4). In 1941 Rolf Kaijscr 
gave an account of a case in the Proceedings of Upsala hlcdical 
Association. As it seems to be a rare disease, since there arc many 
questions concerning it that are still unanswered both as regards 
the pathogeny and the clinical course, I should like to discuss it 
in connection witli symptoms preponderant from tlic slceleton 
system and the Iddneys. The changes in the skeleton are usually 
of tlie type that appear in rickets. The changes in the kidneys are 
often of a chronic nature and become visible both in early child- 
hood and at any time up to puberty. It will now be regarded as 
fairly certain that there is a relation between the kidney injiii^* 
and the skeleton process, although some investigators still doubt it. 
Several different forms of tlio disease have been described, but all 
of tliem have this combination in common viz. Iddncy trouble + 
disturbance in the development of tlic skeleton. 

There is much to support the statement that a kidney injury 
is of primary significance in this peculiar disease. Thus it has been 
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noticed that in ntost cases the kidney trouble appear long before 
the impairment of gro-\vth or the disturbance in the development 
of the skeleton. It is a known fact that it is possible to obtain a 
retention of phosphates in the case of kidney injuries. Tims hyper- 
phosphataemia in renal rickets is easily understandable on a count 
of the kidney insufficiency. The kidney threshold for phosphates 
rises, and this also applies to other inorganic salts though not to 
such a pronounced degree. An acidosis must be consequence of this 
retention unless a compensation mechanism intervenes. The orga- 
nism is normally equipped with several such, and these discreetly 
intervene guaranteeing an almost constant Pjj. Tlie so called 
ammonia defence of the kidney is considered to be one of these 
important mechanisms, by means of which the kidney thanks to 
NHg is able to compensate accumulated acide. This mechanism 
is rather sensitive, however, and cannot be maintained by an 
injuried kidney and the result must be an incompensated acidosis. 
Tliere is however, another mechanism for compensation, but is 
not of the same effectivity as the so called ammonia defence of the 
kidney. Tlie mechanism referred to is the liberation of the calcium 
ions of the skeleton, which can be brought about by means of the 
parathyroid hormone and this is just what seems to take place 
in the case of renal rickets. On account of the considerable- claims 
thus made on parathyroideae they hypertrophy. It is clear from 
extensive pathological-anatomical and clinical studies that para- 
thyroid hypertrophy is a secondary claime. Several writers have 
been able clinically to point out an increased number of para- 
thyroid hormones in the blood by means of Hamilton’s and 
Schwart’s function tests. Since, as Albright and Ellsworth have 
shown, the parathyroid hormone also 'mobilises sodium-chlorine, 
increased values of these will also be obtained by means of hyper- 
trophy. Full compensation is not achieved as a rule, which 
explains the reduced calciiimvalues. Another explanation for the 
low calcium values is that as the phosphorus excretion via the kid- 
neys become more difficult with the increased Iddney insufficiency, 
this excretion must go instead via the intestine. This phosphorus 
there forms insoluble calcium phosphate compounds thus making 
the resorption of calcium more difficult or checking altogether 
(Mitchell). Tlie final result of this is that the skeleton is exposed to 
a constant decalcification. Calcium depots are also obtained inter- 
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stitially in the kidneys as a result of the hyperparathyreoidism 
which secondarily brings about parenchyma changes wth kidney 
insufficiency. Thus a circulus vitiosus. It may be objected tha 
in the case of hyperparathyreoidism no rickets develop without 
changes of bonei^®^ii^ll-® in Ostitis . fibrosa generahsata. The 
following arguments may be raised liowever: Rickets do not 
always appear '"but sometimes osteodystrophy, osteoporosis and 
osteofibrosis. ‘ 

The disease occurs during-tlie growng period. As opposed to 
ostitis fibrosa generalisata rickets in its pathogeny is quite inde- 
pendent of the growing factor. As regards the speculations aliout 
an endocrine disturbance bceihg the background to tlic dwarfism 
sometimes obsen'^ed and tlie impairment of growth, it may be 
remarked tliat no genuine foundation has been able to be proved 
for a similar endocrine disturbance. The onty endocrine disturban- 
ces that have been definitely established are those in the pancreas 
and the parathyroidcae. Both dwarfism and tlic less serious 
impairment in gro-wth ma}’’ be explained by the rickets and 
the chronic acidosis that these patients often liave. The sooner 
tlie disease appears the greater risks for serious impairment in 
growth. 

The cystine diatheses have proved that constitutionally pro- 
supposed disturbances in the metabolism can produce symptoms 
resembling renal rickets. These cases warrant greater allention 
than has so far been given them. In these cases the kidney injury' 
undoubtedly appears as a secondary symiptom to the disturbance 
in the metabolism. As in other fonns of renal rickets tlie kidney in- 
jury becomes an interstitial nephritis, whicli gradually develops info 
totally atrophied kidneys. All the symptoms occur tlial are typical 
for renal rickets. Tlie impairment of growth and the dwiirfism 
can he explained as a direct consequence of the cystine poisoning, 
as It has been possible to produce similar stale in animals by menn.s 
of experiments. The cystine diathesis also deseiwe aUention 
beemse the dmical diagnosis is so easily overlooked. Jt ought io be. 
ma c a condition that all cases of renal rickcls should be tested to sec 

the cornea and the con,,mclwa should be examined to asccriain wether 
any crys/alline deposits have /ormed. 
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The "writer looks upon, the disease as developing according to the 
following lines: 

D-vitamin deficit, Gystinediathesis, LabUity of the glucose metabolism, 

} { Constitutional inferiority of the urinary 

i ! ! tracts. 

I ■^ 4 ' 4 

Hypophosphataemia Infection of the urinary tracts Hydronephrosis 
Normocalcaemia ^ 

I Chronical interstit. nephritis Hyperphosphataemia 

I . 

j Acidosis >- Calcium losses through urine 

{ ■I 

1 Parathyroid-hyperfunction <- Hypocalcaemia. 

•J” 

Rickets Ostitis fibrosa gen. symptoms Osteodystrophy Osteoporus. 

Looking at this table it is clear that several cases that 
might be regarded as peculiar can easily he explained. Thus 
several writers have found normal or subnormal phosphorus 
values combined with normal to slightly increased calcium 
values. These cases should be regarded as early stages. The 
kidney insufficiency has not yet caused any notworthy reten- 
tion of phosphorus and therefore the ricket factor (the D vitamin 
deficit) possibly supported by an incipient hyperparathyroidism, 
naturally gives a normocalcaemia. It has been said that renal 
rickets also are different from the ordinary rickets in so far as the 
bone changes in the former case are resistent to vitamin D therapy. 
It will be found however, on examining literature that cases have 
been treated somewhat successfully with vitamin D. The effekt 
has only been temporary, however, and in the majority of cases 
no improvement has been established. On the other hand this 
is no proof that there is no D vitamin deficit. The chronic kidney 
disease and the hyperfunctioning parath5froideae which are con- 
stantly accumulating fresh calcium from the skeleton, are factors 
that subordinate rickets and make the cases incommensurable 
■mth the single D vitamin deficit. A lability in the glucose meta- 
bolism has been noticed in several cases. It is desirable that the 
glucose tolerance test should be carried out in all cases of renal rickets- 
since there mag he no glucosuria and the blood sugar values may be, 
all but normal. 
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Own Observations. 


The writer has had the opportunity of observing a case of renal rickels 
at the Medical Clinic of the Royal Serafimer Hospital. The patient visile 
-the hospital on July 5th, 1943 for his knees, which were extremely defoim- 
ed and H was almost impossible for him to walk. The 

healthy and there was no relationship between them. Both wer 


were neaiiny anu 

normally developed as well physically as mentally. About 10 years ago 
the father had had a kidney disease with albumen. A maternal uncle died 
of kidney disease with auremian about 3 — 4 years ago. The patient had no 
brothers or sisters. Apart from the kidney diseases there was no hcrodny 
of any interest. 

The patient, a boy of 14, had groivn up in Aland, where the father rvas 
a farmer. No complications had arised at the confinement, and liis w’cighl 
then was 3200 g. After having mothers milk from the breast for a month 
the patient was weaned, owing to dyspeptic trouble and shortage of milk. 
The dyspepsia was very persistent during (he whole of his childhood he 
was periodically troubled witli indisposition and severe vomiting. When 
he was about 2 years age a doctor diagnosed albuminuria. He was pul 
on diet, which was not strictly kept, how’cver, for any hight of lime. In 
1935 when he was 6 years old he had measles and in 1937 -whooping cough. 
Both infections were of favily short duration. In December 1938 mucous, 
purulent masses made their appearance in the urine, which also began 
to smell bad. Urine normal at limes however. No tempcrnlnro and no 
strain. Polyuria and polydipsia. 

In 1939 he visited a children’s hospital in Stockholm, and the following 
status was established; Heigh 130 cm (normal) w'eight 28,8 kg f — 1.2 kg). 
The general condition was unaffected. Scratches on back. Flesh and 
musculature ordinary. Superficial lympli glands could not bo palpated. 
Heart: nothing remarkable. Blood pressure showed normal value (120; 80 
mg Hg) Lungs: nothing remarkable. Abdomen soft, not lender, no pal- 
pable resistences. External genitals normally developed. Cavily of llio 
mouth: teeth 11/14 PharjTix; tonsils ordinary. In the urine about 1 
albumen. The sediment, Avhich was for the most part mucous grccni.sh 
yellow to yellowish white, showed a fair abundance of white bloodcor- 
puscles as well as long gram negative bacilli. TJie phospliorou.s and cal- 
cium determinations in the blood showed 7 and 0 mg % resp. S. R, varied 
between 11—57 mm/hr. Hb remained at about 70 %. The number of red 
bloodcorpuscles was about 4 million. The water lost showed isostonuria 
with a concentration capacity of only 1,0I2. Intravenous urographia 
did not fill he pelvis of the Iddney. It thus seemed feasible to diagnose )m 
existence of a ladney malformation almost complelolv wilhouf n oYe J 

•'‘l^normai pelvis r n ing s nt' 
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When discharged from the hospital the patient, was ordered to avoid 
salt and strongly flavoured food, and at the: same time was told that he 
was suffering from congenital kidney malformation, which was incurable 

In 1941 he began to have trouble with his knees, which were so de^ 
formed that the under leg turned outwards in a more and more pronounced 
valgus position. He now began to have pains in his hips. In 1942 he saught 
medical help in Helsingfors, where they considered his case incurable. 
He went to hospital there, and after a few days he was discharged and or- 
dered to take codliver oil and calcium. The state of his legs gradually 
deteriorated and it was almost impossible for him to walk.- 

Status after examination here on July 5, 1943. 

Height 142 cm (14 years of age). Weight 32 kg. Musculature poorly 
developed. Skin pale with a shade of a sallow colour. Excoriateous all 
over the body partly fresh and bleeding. Eczematous changes on gluteal 
parts and over sacrum. On lower eyelids indications of oedema, Sclerae 
pale, not icteric. In repose fibrillary spasms observed in isolated groups of 
muscles in the upper extremities. Chvostek’s sign positive. Foetor ex ore. 
In repose no dyspnea or cyanosis. Breathing frequency 16 — 20/min. 
Cranium of ordinary shape with slight lumps on the tubera. The costo- 
chondral junctions on ribs showed osteophytical lumps, nothing similar 
was noticiahle in the epiphysea of the long bones. Indications of Harri- 
son’s groove. Spine slighty right-convex. Scoliotic and kyphotic chest. 

Genitals: Testes small, thin male hair gro\vth, other\vise hair g^o^vth 
normal. 

Cavity of mouth and pharynx: Large gaps betvi^een the teeth and 
enamel-defects in places. 

Tonsils normal size, pale. 

Thyroid gland of normal size and consistency. 

Superficial lymph glands: some glands about the size of a granule in 
the corners of the cheeks. 

For the rest no palpable lymph glands. 

Heart: no signs of enlargement. Rhythm regular, slight systolic 
vesicular murmur with p. m. above the apex. No accent. Periphery ves- 
sels: nothing remarkable. Bloodpressure: 105/50. Pulse 100 beats pr. 
min. even and well filled, fairly gluth. 

Electro-cardiogram: Nothing pathological. 

Lungs showed physically normal finds. X-ray: 

normal conditions. No calcium deposits. Abdomen: soft, not tender. 
Liver and spleen were not palpable. For the rest: no palpable resistences. 
Rectum: when palpating normal finds. 

Reflexes: pupils -wide, of equal size, reacted well to light and objects 
near at hand. Patellae, achilles, brachioradialis, cremaster and abdomen 
reflexes fairly active, Babinski negative bilaterally. Hep movements: 
Good mobility in all directions without any pain. Knee joints: pronounced 
gen. valg. bilat. with a good 30 cm between the medial malleolars, the 
insides of the knees touching each other. Free mobility in both knee- 
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Height 142 cm. ^Veighl 32 Kg. 


joints, No tenderness, swelling or hydrops. Wassernian’s reaction nega- 
tive. S. R. varied betAveen 94 and 142 mm/hr. during slay at hospital. 

The faeces: firm sausage-like, dark broA\7i, alkaline, 0 mucous, 0 undi- 
gested food remains, catalase negative, benzidine reaction negative no 
muscular fibres, iodophilic substance scarce, 0 iodophilic bacteria, neutral- 
fat scarce, 0 sebacid fat, 

Urine; see continuation. 

Examination of the eyes; Diagnosis hyperopia Sv = 1.0 (-{- 0.25). 

The eyegrounds. nothing special, no crystalline deposits in the cornea 
or the conjunctiva. 

Hearing test: heard whispering with right and left ear at S m. without 
any difficulty. 

Cystoscope examination: The bladder Avas found to be covered every- 
where Avith thick mucous scabs, AAdiich made it extremely difficult to get 
the organ clean enough to obtain a satisfactory au'cav. After Avashing 
several times it Avas, hoAvoA’er, possible to see a couple of normal ureter 
openings in normal places and the catheters were easily injected almost 
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meter into the bladder. Urine was obtained normally drop by drop from 
the left but nothing came from the right. Nothing pathological ^ras ob- 
served in the mucous membrane of the bladder apart from the thick 
mucous layer; it was a normal colour and the bloodvessel were no fullor 
than usual. On X-raj' in connection wth the cytoscope examination 
showed contrasting catheters on the right side reaching up to processus 
transversus on L 3. A small quantity of contrasting liquid was injected 
in a distended pelvis, which was situated in an approximately normal 
position. As the patient was so weak, retrograde pyelography was carried 
out on the right side only. Intravenous pyelography ^TOs considered con- 
traindicant owing to the uremic condition of the patient (Dr. Frykholm). 

The skeleton X-ray on July 7th 1943 gave the following result; 

coarsemested structure inside the bone of the cranium. Strikingly 
little appearance of all sutures. Normal Sella turcica. 

Right hand; fairly coarse-meshed structure on the skeleton, which 
made the edges fagged inside some of the phalanxes. The epiphysic lines 
in the metacarpal bones were considerably broader than is usually the 
case of this age. The epiphysic lines in the distal ulnar part of the ulna 
were also broad. Chest and lumbar column; coarse-meshed and sclerotic 
vertebrae, otherwise no changes. 

The pelves and hepjoints; here too the bones are coarse-meshed and 
sclerotic. The sacroiliac joints are strikingly broad. The epiphysline in the 
proximal parts of the femur are considerably broader on both sides than is 
usually the case and are distinctly irregular. Both the femur shafts are 
higher up in relation to the caput epiphysis as in the case of epiphyseoly- 
sis. On the right side the displacement is 11/2 cm, on the left almost 1 cm. 

ICnee joints; Obvious valgus position in both knee joints. Here too 
the bone is coarse-meshed and sclerotic. The epiphysis lines in the tibia 
and the femur are distinctly broader than is usual in the lateral parts. 
(The concavity is to be found where the weight of the valgus position is 
greatest). 

In the medical parts, on the other hand, these lines have a normal 
appearance. 

Foot joints; here the bone is also coarse-meshed and sclerotic. The 
epiphysis lines are broad and irregular. On the left side the lateral distal 
part of the diaphyse of the fibula close to the epiphysis line is displaced 
somewhat laterally as after an epiphyseolysis vith fracture. No obvious 
misplacement. No distinct corticalis appears in the parts of the skeleton 
photographed owing to the bone beeing coarse-meshed. 

The changes coincide fvith those seen in renal richets and correspond in 
the main niih Parson’s Stage 3 (Holmgren). 

As it was of interest to ascertain whether a hydronephrosis also existed 
on the left side, a fresh cystoscope examination with retrograde-pyelo- 
graphy was carried out on this side, and a distended and clumsy pehis was 
seen. Thus double hydronephrosis had been proved by X-rays. 
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The kidney function. 

As a rule the quantity of urm pr 24 hrs amounted to about 
1500 ml. The specific weight showed an isostenuria with values fixed 
at round about 1,005—1,009. Tlie reaction was alkaline, except 
for a time when bicarbonate was not given. A quantity of 1/2 10 
o/oo of albumen was constantly found in the urine. The sediment 
showed from moderate to considerable quantities of white blood 
corpuscles, occasionally red ones and also an abundant flora of staff- 
shaped bacteriae. During the time of observation the blood pres- 
sure varied from 105 to 135 systolic and 50—70 mm Hg diastolic. 
As wll be seen from the tables and diagrams there was a remark- 
able retention of nitrogen substances. Creatinine clearance shoved 
a strildng decrease below the normal values, and on one occasion 
it was only 14 cm^min. 

There was a substantial increase of non-protein nitrogen sub- 
stances in the blood, which will be seen from the diagram table. 
In addition to this abnormally increased values could be showm 
of xanthine protein as well as the existence of indican. No note- 
worthy variation of the xanthine protein retention occurred during 
the time of observ^ation which took over 3 months. Instead it is 
striking that no congrinty with the non-protein nitrogen evidently 
exist. 


Tile non-protein nitrogene values varied between 110 and 200 
mg % during the time of observation. Even while at tlie child- 
ren’s hospital in 1939 the patient had about 90 mg % non-prolcin 
nitrogen, therefore it may be rightly said that lie had had abnorm- 
ally high non-protein nitrogen values for at least 4 years. This 
non-protein nitrogen retention has in all probability been counter- 
balanced by a more or less pronounced state of acidaemia. Fig. 1 
undoubtedly shoAvs an inverse proportionality bclAvecn the non- 
protein nitrogen values and the alkaline reserAm (measured in vol 
/oCO, m plasma). On arrival the quantity of CO„ was as low as 
be^een 20-^0 vol %, which proved the existence of marked 
200 ^^ 0 / c mtrogen values were high: Ca 190— 

T S™” ''■'■S' dose of 

15 mg pr. day whereupon the quantity of CO, inmedialely rose 

to the normal 60-70 vol. % (Van Slyke). The non-protein nilro 

gen values gradually sank hut more slowly. Ue p,itiL was given 
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plenty of liquid every day ca 2000 ml from tlie time of arrival. A 
simultaneous determination of the blood albumen showed that there 
was no hydraemia to explain the decreasing nonprotein nitrogen 
values. By giving and stopping the sodiumbicarbonate it was poss- 
ible to determine the quantities necessary for the balance. It turned 
out to be about 9 g pr. day. By keeping this quantity of sodium 
bicarbonate -}- 3 g Calcido the best balance was obtained with a 
normal alkaline reserve and the lowest non-protein nitrogen values 
that could be noticed during the whole time that the patient was 
under observation (non-protein nitrogen 110 alkaline reserve 60). 
Wlien stopping the sodium bicarbonate on Sept. 2 nd. the non-pro- 
tein nitrogen values immediately rose from 110 to 180, while the 
alkaline reserve sank from 60 vol. % to 45 vol. %. Thus the use of 
sodium carbonate then causes an immediate rise in the alkaline 
reserve and a fall in the non-protein mtrogen. The effect is quite 
obvious and the state of equilibrium seems to be extremely sensitive 
to the external supply of alkalis. The almost immediate effect is 
striking. As has already been mentioned, the mineral metabolisih 
is particular meet’s with disturbances owing to the kidney insuffi- 
ciency. Tlie writer has discussed the relation between phosphorous 
and calcium values and has pointed out that calcium values and 
increased phosphorous values are by no means compulsory for the 
disease, as it depends witerely upon how largely the compensation 
mechanism can influence the fixation of the equilibrium. If the 
Iddney insufficiency is less pronounced, while the ricket element 
is more so, the result may simply be inverse, i. e. decreased phos- 
phorous and inceased calcium values. The writer’s case shows 
clearly increased phosphorous values during the whole time the 
patient was under observation, whereas the calcium values are 
normal. The normal calcium values seem to be due to the fact 
that sufficient compensation mechanism (parathyroidae) work in 
favour of normal equilibrium and that there is a sufficient supply 
of calcium (medication, the skeleton). The obvious effect of the 
administration of calcium both intravenously and pr. os. (gluco- 
nate of calcium and calcido), are worthy of notic. Calcium values 
which in other cases usually show extremely slight variations,now 
present a distinct ijicrease with the use of calcium (see fig. 1). 
When calcium was again given on Sept. 24 th the calcium values 
of the blood fell immediately. Looking at fig. 1 there are still more 
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X Noil protein nitrogen mg%. 

o o Alkaline reserve, vol.% CO* in pinsma. 

X X Calcium mg.%. 

o o Phosphates nig.%. 


facts of interest, there is an obvious cojigrinly l)eL\vccn the non- 
protein nitrogen and the pliosphorous values, although the varia- 
tions in the non-protein nitrogen curve occur some da 3 's later 
than those in that of the pliosphorous. As acidaemia causes in- 
creased disintegration of the tissues and therebj' an increase in the 
non-protein nitrogen but at the same time also involues a mobi- 
lization of the organic salts in the skeleton, it is possible that there 
exists a genuine relation betsveen the two. 

Pig. 1 also shows that there is a certain proportionality be- 
tween the calcium and phosphorous values, wliicli was also to he 
expected. 
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»r/ie ammonia defences 

Since the so called ammonia defence of the kidney is one of the 
important compensation mechanisms when acidaemia develops, 
it was interesting to see how this mechanism functioned. It proved 
(fig. 2) that giving sodium bicarbonate caused no increase in the 
ammonia excretion in the urine despite the fact that Pjj sank to 
6.7. The excretion of ammonia was very low the whole time, 
which may be partly due to the strict kidney diet that the patient 
had kept. That the patient’s ammonia defence played no impor- 
tant part as compensation mechanism, however, is perfectly obvious 
in fig. 2 from which it will be seen that the average ammonia 
excretion was not more than about 0.1 g pr. 24 hrs. The normal 
value witJi a mixed diet is stated to be 0.7 g pr. 24 hrs with the 
marginal values 0.3 — 1.2 g. 

It is, however, clear that there is a certain ammonia defence, 
though it does not function when the patient is on ordinary kidney 
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diet. When giving a less strict diet there •will be an immediate 
increase in the amntonia excretion (see fig. 2). By giving sodium 
bicarbonate, however, the ammonia excretion drops to the lower 
level. At the same time Pjj in the urine rises to 7.8. From this 
experiment the conclusion may be justifiable that sodium bicarbo- 
nate plays a considerable part in combating acidaemia. Tlie 
significance of diet for the insufficient Iddney is also demonstrated. 
Thus the most suitable therapy is kidney diet and bicarbonate, 
naturally under the existing circumstances with a cronic uremic 
state in a young and growing person there is a temptation to ende- 
avour to moderate the rigorous diet somewhat, but from the 
discoveries made, it seems scarcely advisable. AWiile the patient 
was on a fairly free diet he was troubled witli subjective discom- 
forts in the form of headache and indisposition. TJie non-prolcin 
nitrogen and the alkaline reserve on the other hand, showed no 
notworthy variations during the time he was on this diet. 
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ritis and stomatitis. -It has even been supposed that urea might 
promote the retention of phenols. - . 

The examination of the excretion of urea . in the patient’s urine 
showed SO' low a values as 3 g urea nitrogen pr. 24 hrs. which appro- 
ximately corresponds to 6 g urea pr. 24 hrs. Wlmn the normal 
value for excreted urea in a grown-up person is round about 20^0 
g pr 24 hrs, the question arises as to what became of the rest. It 
must be admitted that the patient is not grown up and weiglis 
Only a little over 30 kg. and he also keeps a strict kidney diet, 
but in spite of this the value seems fare too low for an ever increasing 
retention of nitrogen substances not to gradually appear, unless 
there is some mechanism for the elemination of the nitrogen sub- 
stances. Tlie examination of the urine also showed that no other 
nitrogen substances were excreted to any great extent, therefore 
it seemed impossible for a compensation to take place in this man- 
ner. Accordingly there was only about 0.15 g uric acid pr. 24 hrs. 
Reckoning with ca 10 g urea pr. 24 hrs as being a normal excretion 
for anyone of the same age and weight as the patient and keeping 
the same diet, ca 4 g, however, was retained and accumulated in the 
body every 24 hrs, unless some mechanism capable of excretion and 
functioning for the kidney were at work. This would mean con- 
siderably more than 1000 g pr annum, which seems absolutely out 
of the question remembering that he had been suffering from a 
serious kidney insufficiency and uremic symptoms for at least 4 
years. There must therefore be substituting organs for excretion. 
In theoretically the following are possible. 1) the alimentary canal 
2) the lungs 3) the sldn and mucous membranes. The writer has 
examined all these organs in order and has found the following 
noteworthy facts: 

In the circulating blood there was urea in a concentration of 
over 100 mg, i. e. an increase of 5 — 6 times of the normal. 

The faeces: These showed a quantity of urea varying on different 
occasions from 51 — 88 mg % corresponding to 102 — 176 mg % ureai 

If the quantity of faeces for 24 hrs is reckoned as being 500 g, a 
maximum of 0.9 g pr 24 hrs would be disposed of in this manner. 
This is naturally a considerable quantity, when a normal calcula- 
tion shows that there are only traces of urea visible on faeces. It 
is easy to imagine the mechanism for an increased quantity of 
urea in faeces. As urea is soluble^ it follows into the digestion fluids 
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ies of concentration, c. g. gall, intestinal juice etc As has 
already been mentioned, some of the urea may be dismtegrated 
in the alimentary canal, thus producing ammonia. According o 
an old observation there are said to be ureas in the ventricle yliicli 
may possible disintegrate the urea so that part of it might dis- 
appear with the intestinal gases or be removed tlirough tlic ruc- 
tus (43). As regards moment 1 it has accordingly been shown that 
the alimentary canal place the part of substituting organ for the 
kidney in the nitrogen excretion. The quantity concerned (ca. 
0.9 g pr. 24 hrs.) is, however, not sufficient. Consequently mo- 
ment 2 was investigated. 

The lungs: No case is described in literature in which urea or 
any other nitrogen substances have been proved to exist in the 
exhaling air. According to physiological thinking it is plausible 
that the lungs might function as a substituting organ, just as it is 
an old acknowledged fact that the breatli of uremipatients smells 
suremio). There will nevertheless be many cases when tlic uremic 
smell established has concerned a stomatitis or gastric uracmica 
which produces foetor ex. ore. The mechanism for an excretion 
via the lungs may be thought to function either; 

1) through the excretion of passing nitrogen substances (NHg, 
amines) 2) tlie excretion of urea, wluch may possibly be dissolved 
in drops of water in tJie exlialing air. 

3) the urea is disintegrated by bacteriac to NH3 and thus 
removed. The first is the most likely of these three alternnlivc.s, 
as to no. 2, it is theoretically possible but not likely that any great 
quantities would be removed in this manner. No. 3 is hardly likcl}', 
as it would presuppose an invasion of baclcriae far down in tiic 
bronchials if it w^ere to.pla}^ any important part. 

The following method ims adopted for the investigation. A 
quantity of- 95 ml distilled- water and 5 ml 10 %H„S04 so ns to 
obtain a solution of 0.5 % %vas poured into a w'ashing holllc with 
one of the glass tubes dipped down to about 1 cm above the bot- 
tom. A rubber lube and a small glass tube loosely filled with 
cotton wool was attached to the glasstube dipped (Town into the 
Bo ntion The patient was now inslrucled only to breathe through 

hanks to the «ha].ng air. After c:a 700 exhalations (he nitro- 
gen substance m the solution was detennineda 
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It then proved that there was nitrogen in the air exhaled in a 
considerable quantity considering the patient. Reckoning 15 breathes 
per min. will give 21600 breath pr. 24 hrs. The total quantity of 
nitrogen turned out to be about 400 g pr. 24 hrs, or if calculated 
as urea 0.75 g pr. 24 hrs. Control tests wth a corresponding mem- 
ber of breaths from a healthy person, a kidney patient (acute 
nephritis on kidney diet leaving no non-protein nitrogen increase) 
as well as tests of room air in a volume corresponding to 700 
breaths showed no existence whatsoever of nitrogen substance. 
Accordingly a substituting excretion of nitrogen substances via the 
lungs was proved in the form of NH^, amounting to such large 
quantities as ca. % mg pr. 24 hrs. (calculated as urea). There was 
no proof of methylamine. 

The skin: As it is a well known fact that the skin exudes uric 
acid and urea as well as creatinine and ammonia, in some cases in 
rather conciderable quantities, an investigation was also made 
of the nitrogen exudation from the skin. It was carried out in 
the follow manner. The sldn was not wasched for a certain num- 
ber of days, after which the upper part of the body was washed 
with water, wdiich was kept and sent to be analysed. The total 
quantity of nitrogen amounted to 0.297 g. Of this 0.019 g was 
NHg nitrogen. There was 0.150 g urea nitrogen and other nitrogen 
amounted to 0.129 g. If the total quantity is reckoned as urea 
then 0.594 g was obtained. As only about half the surface of the 
body was washed, the real quantity is dubbel or ca. 1,199 g. This 
quantity had been collected thanks to no washing for 5 days, thus 
ca. 0.23 g urea pr. 24 hrs. as an equally large quantity had in all 
probability steck to the clothes. The figure may be dubbled. 
The result is that about g is exuded from the skin pr. 24 hrs. The 
following table shows the quantities found. 


Normally 

urea 

Patient 1. K. urea 

Urine 

Ca. 10 gm. 

ca. 6 gm. 

Faeces 

traces 

» 1 » 

Lungs 

— 

» 1 » 

Skin 

variable 

(usually only traces) 

» 0.5 *> 

Total 

ca. 10 gin. 

ca. 8.5 gm. 
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As Of course 10 g pr. 24 hrs. as a normal value is 
mate and largely dependent on tlie diet, it must be said that 8.5 g 
nr. 24 hrs. probably represents a normal value. Tlie sources of 
error when making a quantitative estimation of the nitrogen ex- 
cretion must also be considerable, inter alia the exudation from the 
skin is problematic may be far greater than these figures show, 
so that 8.5 g pr. 24 hrs. may be. regarded as representing a normal 
value. In any case the main object has been achieved i. e. a sub- 
stituting nitrogen excretion of considerable magnitude has been 
shown, primairly from the lungs but also from the digestion 
canal and the skin. It has also been explained that a patient has 
been able to live and keep fairly well for years despite a defective 
excretion of nitrogen substances via the Iddneys. 

The Junction of the liver: 

The determination of the magnitude of the red blood coiTiuscles 
was used for this, it being at present tlie most reliable proof of the 
function of the liver. (See coming article by G. Hammarsten). 
The average diameter showed a value of 7.6 (x, wdiich is of course a 
normal value. 


Endocrine organs: 

Tlie pituitary; The cranium X-ray showed a normal sella tur- 
cica. No sign of calcium spots in the place for the pituilar 5 \ TJierc 
were no finds in the status of the patient to indicate anj' pituitary 
disturbance. 

Thyroidea: In the case that K. Kaijscr publislicd in 1940 there 
was low basel metabolism; values being — 17 — 21 %, otlicnvise 
the thyroid function is usually normal with the disease. In this case 
the values of -j- 19 % and -f 18 % were obtained in the course of a 

month. (Values calculated according to prof, of Nat. Ac. of Scien- 
ces 6, 1920 p. 6.) 

Parathyraideae: No roentgenological visible cnlargcmonl: 

con d be seen. But in aU probability' there were lijpcrplasia and 
Wcrfmction of the glands, as is usually the case with this disease. 
Wn « ® iWerpIasia has most often been proved 

(H) !s fti Tetrof ““’■‘''"8 

{ b his method gives somewhat uncertain results. 
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Fig. 3. 

A. => Almens reaction negative. 


Tlie endocrine function of the pancreas as well as superior 
organs: As has already been mentioned, renal rickets is sometimes 
combined with glucosuria. In several cases this has proved to be 
of a diabetic type. It cannot be denied that a lability in the glucose 
metabolism, which at times manifests itself in the form of gluco- 
suria is fairly common with this disease. Bearing in mind that 
there is so often a pyonephrosis, the question arises whether an 
intermittent glucosuria is not largely the cause of the infection in 
the urinary tracts. In this case no glucosuria developed during 
the time of observation. When examining the patients blood 
values at different times during the 24 hrs, strikingly high values 
Were found. This hyperglycaemia was found on repeated exami- 
nations of the blood sugar during the variations of the 24. hrs. 
Wlien examination were carried out on three different occasions all 
the fixed values were above 150 mg %. According to Staub-Trau- 
gott (double tolerance tests) showed the type as is seen in fig- 3. It 
is thus uncertain whether there has been any insufficiency in the 
endocrine function of the pancreas. 

Adrenals: It has been mentioned that the mobilisation of cal- 
cium from the skeleton has been thought to make calcium deposits 
form easily in certain parenchymatous organs such as the lungs, 
the Iddney and the adrenals. The X-ray of the lungs showed no 
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calcium deposits. Tl.e surveys of the kidneys shoved no calcium 
deposits either, nor was there anything in the place for the adrenals. 
The patients skin was sallow and has already been said, this is 
supposed to be due to an insufficiency of the adrenals owing to 


calcium deposits. 

The mechanism is, liowever, probably different 

Sexglands with superior organs; Concidering the patient^s age, 
the secondary sex characters must be regarded as being fairly well 
developed. The puberty hair was, however, perhaps somewhat 
scarce. Tlie testes and the epididymis were normal. On several 
occasions there was sperm in the urine Avhich seemed to be normally 
developed, and from all this it seems evident that no obvious dis- 
turbances in the functions of the endocrine organs have been able 


to be proved. 

The blood: This was of a secondary anaemic t 3 ’'pe. As was lo 
be expected, there was no improvement whatsoever after treat- 
ment whith iron. It is not sui'prising in this case as the anaemia is 
in all probability of a secondary nature as compared with the 
accumulation of phenols and poisonons dcsintegration prodiicls 
from the albumen. On one occasion there was a blood transfusion 
when 350 cm^ was given, but this had no apparent of feel. The 
resistance test of the red bloodcorpuscles sliowed a waxiniuni 
resistance of 0.34 % and a minimum of 0,51 %. The infection of 
the urine tracts; On two occasions an aerobically growing Jjaclcria 
was obtained from both bladder and ureters, the morpliologv of 
which resembled mushrooms. 


Prognosis and Therapy. 

Adhere mimic sjoiiptoms arc concerned, llic prognosis nuisl in 
evety case be a pessimistic one. It is amar.ing, however. Imw the.se 
patients can live year after j^ear in a sub-uremic or entirely uremic 
state. The witer has pointed out the compensation meelmnisms 
and substituting organs that function and prolong life. 

As IS always the case the prognosis depends on at what stage 
the disease has been diagnosticated. Wien the .skeleton s 3 nnp(oms 
ppear comparatively early, it is naturally micnlt to diagnose renal 
nckeb. But when the kidney <l«ase it the prim.urv am p , rf 
w^e noth prognosis and therapy coincide. A s,ri;f .realm™,' ;, 
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IIic usual affcclions occurring in Uu' urinary tracts l)egan in good 
tinu! will he of decisive signific-ance unless hydronephroses or inal- 
fonuations iiiake their appearance. In the case of n single hydro- 
nephrosis or malformation, tljere are naturally indications in 
favour of an operation, provided of course that the patient can 
stand it. In this case with donhle hydroneplirosis and secondaiy 
totally .'>lro])hied hidneys no urinaiy therapy was possible. Wiiat 
in all jtrobability can prolojig life is an immediate use of alkali 
in the ease of acid.aemia, as Ibis Irenlinejit will lessen the disinte- 
gration «)f tlu' elements of the tissues, the accumulation of injurious 
svihslances in the blood will J>e reduced, ami death from uraemia 
will not be so immijieuL In rases where there is a predisposition to 
oedema care must l)e taken in the \ise of alkaline. Tlic writer has 
shown that the effect of .alkali pr. os. is immediate as well on the 
non-])rotein nitrogen v.alues. The patient also jiolices sul)jeclively 
the inijHovement after the use of alkali. It is striking the fairly 
large quantities and repeated dose.s he c.an stand wilhoiil having 
any trouble in the form of indisposition. Tlie suil.ahle dose pr 21 
hrs. can he said to he al)oul 9 g. It has also been seen that a cou- 
limious .and strict kidney <iiel is essential in cases so f.ar gone as 
the one menliojiial. .\nli-ricket Irealinenl in llie form of vitamin 
D will) IhOOO I. I), per day has hcen given for about one mouth, 
hut no effect lias been able to lie established, l.ileraturc only 
mentions a couple of cases in which such llieraj)y has met willi any 
success. Of other vitamins. Hj and C. have been given in order to 
facilitate resorjilion, primarily iron. Tliis lias been given in as large 
doses as O.f) — I g K without there lieiug any effect at all. Cal- 
cium has been given in the form of Caleido in a dose of 2 lahlcls, 
X .3 and distinct effect co\dd he noticed in the calcium of the hlood. 
Thus calcium treatment is to he recommended, as by making use of 
it decalcificalion can probably he retarded somewhat and perhaps 
even checked. 

Summary. 

1) The pathogeny and sjuniitomalology of renal rickets is dis- 
cussed. This disease should be looked upon as a syndrome, not 
as a unitary tlisease. 'i'he writer points out the similar disease 
arising when dislurhanee occur in the cystine melaimlism. Con- 
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sequently all cases of renal rickets should be oHamined tvilb rofc- 

mtotum^ortant momenta of the origin of renal rickets 
arc arranged in a schematic exposition. The most impoi lant f.iclor 
in the renal ricket syndrome is the kidney insufficiency. 

3) The writer discusses the origin of acidosis and liypoca cat 

mia. . . r . 1 

4) The Avriter reports his oAvn obser\’alions in a case of renal 


rickets. 

5) The so called ammonia defence as well as the nitrogen excre- 
tion were studied in particular. There was proof of a concideiablc 
compensatory excretion of nitrogen substances through tlic lungs, 
the alimentary canal and the skin. The nitrogen substances cxcie- 
ted through the lungs were ammonia. Tlierc was no proof of 
methylfimine. 

6) The functions of the endocrine organs have been examined, 
hut no signs of any noteworthy distiirlinnccs liave been proved, 
apart from a certain lability in the glucose metabolism. 

7) Prognosis and therapy have been discussed. 
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Die Hormonausscheidung bei chronischer Poly 
arthritis des Weibes. 

Zugleich ein Beilrag zur Beziehung zwischen Geschlechts- 
funktion und Gelenkleiden beim Weibe. 

Von 

HELGE SjdVALL. 

Dozent. 


(Bei dcr Redaklion am 10. Dezcmbcr 1943 ciiiftcgvangen). 


In dcr Diskussion iiber die Atiologic dcr .sog. rlicmnatisclicn 
Polyarthritis hat in den Ictztcn Jahrzclintcn die Fokolinjcldions- 
lehre im Vordergrund gestanden. Wie man sich im iihrigen auch 
zu diescr Lehre stellen mag, so muss man jcdenfalls zugeltcn, da.s.s 
kiinischc Erfahrung und expcrimontcllc Forschung gczeigt liabcn, 
dass sie allein niciit in alien Fallen von chronischer Polyarllirilis 
das Gelenkleiden hinreicliend z.u crkJiiren vermag. lilan liat in 
mehreren Gehieten der Medizin nech iiliologischcn Momcnlen ge- 
sucht. Am fruchtbarsten erscheint mir der Gedankc einer Korre- 
Jalion mit Storungen des endokrinen Systems. Hinsichtlich de.s 
Zustandekommens eines solchcn Zusammcnliangcs sintl die An- 
sichten stark geteilt. Mahche Foisclicr wollen die Stdningen des 
inkretorischen Systems ah allcinige Ursaclie des Gelenkleidens 
verantwortlich machen, anderc crblicken in ilmen nur beitragende 
und pradisponirende Faktoren, wieder anderc, wollen sic nur als 
Nebencrscheinungen oder sekundare Folgcn dcr Gelcnkvcrande- 
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ningen gelten lassen. Grossere Einigkeit lierrsclit in bezug auf den 
Sitz der Storungen im, endokrinen System. Zwar hat man den 
atiologischen Sclmerpunkt mal in dem einen, mal indemanderen 
Bestandteil des Systems oder auch in pluriglandularen Kombina- 
tionen gesuclit, in erster Linie aber bat sick die Aufmerksamkeit 
auf die hormonal gesteuerte weibliche Geschldchtsfunktion gerich- 
tet. Man stiitzt sich dabei auf alltagliche Beobachtungen — das 
tfberwiegen der Frauen in der klinischen Statistik, die Haufung 
von Fallen in gewissen Altersgruppcn usw. So gut wie jeder, der 
mit einem grdsseren Krankengut von chronischen Polyarthritiden 
zu tun gchabt hat, wird dann und wann einen auffallenden zeit- 
lichen Zusammcnhang zwischen dem Auftreten der Gelenker- 
scheinung und einer Menstruation, einer Sclnvangerschaft oder 
einer noimalen oder kiinstlich hervorgerufenen Menopause fest- 
gestellt haben. Besonders der Zsuammenhang mit der Menopause 
ist oft so eindeutig, dass man Begriffe wie »Arthropathia ovari- 
prival) (Mengc 1924), smenopaus arlhralgiai) (Hall 1936), )>Rheu- 
matism ovarieni) (\ngnes 1937) u. a. geschaffen hat, Verschiedent- 
lich hat man auch Falle dieses Typs von den gewohnlichen Poly- 
arthritiden abgrenzen und sie cine atiologisch freistehende Gruppe 
bilden lassen wollen. Im skandinavischen Schrifttum haben be- 
sonders Gram (1930), Rasmussen (1936), Kahlmetcr (1937) und 
Snorrasson (1943) iibcr einschlagige Fragen gehandelt. 

Indessen liegen nur wenigc experimentelle Untersuchungen 
zur Beleuchtung dieser Problemc vor, und exakte klinische Daten 
sind in der einschlagigen Literatur sclten. Der zuerst beobachtete 
und bisher am besten untersuchte Zusammcnhang zwischcn Ge- 
lenken und Hormdnen ist der erstaunliche Effekt, den Injektionen 
einer Reihe von zu den Sexualhormonen gehorenden Stoffen auf 
die Beckensymphysc von Mecrschweinchen und Mausen haben 
(Hisaw 1927, Fremery, Kober u. Tausch 1931, Tapfer u. Hasel- 
hofer 1935, Gardner 1936, Gardner u. Pfeiffer 1938, Sutro u. Pome- 
rantz 1939 u. a.). Das Ehepaar Silberberg hat in einer Reihe von 
Arbeiten (1938, 1939, 1940, 1941) die Einwirkung verschiedener 
Hormone auf Gelenidcnorpel und Knochengeriist von Meersclnvein- 
chen und Mausen verschiedenen Alters untersucht. Hire Experi- 
mente zeigen, dass Storungen des geschlechtshormonalen Gleich- 
gewichts bei den Versuchstieren sowohl Arthritiden als Arthrosen 
hervorzurufen vermogen. Besonders wichtig scheint der Refund zu 
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sein, dass, .vahrend Pollikulin bei jungeren Tieren in possen 
Dosen VEtabfoIgt, kaum regressive Veranderungcn des Gcicn 
Imorpels hewkt, bei alteren Tieren starke derart.ge Vcranderun- 
gen auftreten, was Silberbergs als Zeicben pramaturen Alterns 
])etrachten. Follikulin in grossen Mengen iibt indessen auch eine 
Wirkung auf das Skelett aus; die Markboblen werden namlicb in- 
vadiert und grdsserenteils mit Knoclien ausgefiillt, Veranderun- 
gen im Sinne einer generalisierlen Osteosklerose (Zondek 1937, 
Gardner u. Pfeiffer 1938, Sutro 1940). Diese Veranderungen voll- 
ziehen sich beim Manncben langsamer und lassen sicli durcli gleicb- 
zeitige grosse Gaben von Teslerogen verliindern (Wentworth, 
Smith u. Gardner 1940). Hills u. Weinberg (1941) haben diese 
Erfahrung fiir die Klinik nutzbar gemacJit, indem sie bei Fallen mit 
schlechter Frakturlieilung Follikulin verabfolglen und so ver- 
starkte Kallusbildung und Heilung erzielten. Jonsson (1939) hat 
die Frage des Zusammenhanges zwischen Gcschlechtsdriisen und 
GeienWeiden experimentell zu beleuchten versucht. Er kastricrte 
Kaninchen — die Kastration an sich licss die Gclcnkc unbe- 
helligt — und rief bei dicsen mit injektion von Senim, Tuber- 
kulin Oder Bakterienstammen vcrschiedcner Art Gelcnkverande- 
rungen hervor. Die Ergebnissc sprcclien nach Jonsson dafilr, dass 
endokrine Paktoren vom Schlagc dcr Kastration als priidisponie- 
rendes Moment beim Zu stand ekommen der Gelenkiciden eine 
Rolle spielen kdnnen. Die cxperimcntcllen Untersuchungsbefunde 
scheinen sich dahin zusammenfassen zu lassen, dass sic cindeutig 
fiir einen Zusammenhang zwischen dem Knochengelenksystem und 
den Geschlechtshormonen des Weibes sprcclien. 

Kh'nische Beobachtungen betreffend die Korrelation zwischen 
Geschlechtsfunktion und Gelenkiciden sind wie gesagt alltagliclr, 
dock finden sie in der Literatur nur sparlichc Bchandlung (Do Sa 
1937, Hall I93S, Hench u. Mitarb. 1939/40 u. a.). Noch scllcner 
Sind exakte khnische Datcn. Soweit es sich untcr den augenblick- 
lichen \erhaltnissen feststellen liess, ist Rasmussen (193G) der 
wnzige, der durch exakte Bestimmungen des Follikulintiters im 
Harn von Polyarthritispatientinnen einen Massstab der endokri- 
nen Stoning zu finden versucht hat. Er sah bei scinen Patientin- 

Antang der Behaiidlungspenodc Foffiiulinvcrlialtaac Ras- 
nruEsen legt seine Versuebsergebnisse dabin ans. dasrPolinf* 
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ein fiir die normale Gewebsentwicklung notwendigei Stoff imd die 
polyartliritische Gelenkverahderung ein Ausdruck der durch Folli- 
kulinmangel verursachten krankhaften Zersetzung ist. Er be- 
traclitet also die mangelhafte Follikulinproduktion als den prima- 
ren atiologisclien Faktor. Einc interessante Erganzung dieses 
Resultats ist die letzthin gemachte Beobacktung, dass das Blut 
von Schwangeren bei Polyarthritis eine merkliche Heilwirkung 
besitzt (Basch 1941, 1943, Sjoberg 1943). Damit 'werden dem Or- 
ganismus ja grosse Mengen Follikulin zugefuhrt, doch ist es nocli 
ungeklart, ob dieWirkung ausschliesslich darauf beruht, dass mog- 
licherweise von der Hypophyse her auch ein »chondrotroper Fak- 
tor» mitspielt, oder ob andere, nichthormonale Faktoren sich gel- 
tend machen. Sundelin (1936) hat einen anderenWegeingeschlagen, 
um die besagte Wechselbeziehung aufzuzeigen. Er arbeitete mit 
einer von Zimmer 1930 auf der Abderhalden’schen Reaktion be- 
griindetenTechnik zurBestimmung der spezifischen Abbaufermente 
des Blutes, um ein Bild von den endokrinen Funktionen bei Poly- 
arthritis zu gewinnen. Er rnachte in 160 Fallen interferometriscbe 
Bestimmungen und fand in fast samtiichen Fallen Abweichungen 
von den normalen Abbaukurven der inkretorischen Organe — 
namentlich der Ovarien. Nach Sundelin’s Auffassung haben die Ver- 
suche gezeigt, )>dass die Beziehungen zwischen dem endokrinen 
System und der chronischen Polyarthritis enger und mannigfal- 
tiger Art und von ausserordentlicher Bedeutung fiir das Ver- 
standnis der Pathogenese der chronischen Polyarthritis sind.» 

An der Orthopadischen Klinik zu Lund, deren Chef bis Aug. 
1940, Prising, stets ein lebendiges Interesse fiir die Beziehungen 
zwischen dem Knochengelenksystem und dem endokrinen Sy- 
stem bekundet hat, wurde in den Jahren 1936 — 1940 eineReilie von 
Bestimmungen der Hormonausscheidung m.it dem Harn an den 
Patientinnen der Klinik, hauptsachlich chronischen Polyarthritiden, 
vorgenommen. Da wir also iiber ein verhaltnismassig grosses 
Untersuchungsgut verfiigen, halte ich es fiir gereclitfertigt, diese 
Daten zusammenzustellen. Da es gleichzeitig Interesse hatte, an 
demselben Untersuchungsgut auch andere Beziehungen zwischen 
Geschlechtsfunktion und Gelenkleiden zu beleuchten — grossere 
einschlagige Versuchsreihen sind nicht vorhanden — , ist 1943 eine 
Nachuntersuchung vorgenommen worden, und soweit es mog- 

lich war, haben wir den betreffenden Patientinnen Fragebogenzuge- 
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sdiickt nm ergitazcnde Aufsclililsse zu den in diescr Bcz.elniiig 
te^eg selJcnnppen Angaben der Krankenblalter z„ crba ten. 
Aus besttamten Grttnden war es notwondig, mit cmcm Kontrol - 
gut 2U arbciten, dessen Naclmntersuclmng jcdocli in nnseiem 
Lsammenhang oline Beiang war and dahcr unterbUcben ^ 
Nachdem Falle mit zweiWhaftcr Diagnose nsw. ansgeschlossen 
ivorden sinti, fnsst die voriiegcndc Untersuchung aiit folgcndem 


Material: 

Polyarthritisreihe 

KontroUrdhe 


116 Falle 
43 » 


In der Polyarthritisreihe ist in 102 Fallen der ProlanWer bc- 
stimmt worden, der Follikulintiter allein in 14 Fallen, in 3 Fallen 
beide Titer. In der Kontrollrcihc ist nur der Prolnntiter bcstinnnt 
worden. Die Nachuntcrsuchiing nmfasst nur 109 Patienlinnen der 
Versuchsreihe. Von cliese waren 4 in^wischen vcrslor])en, von 3 
war keine -Antwort zu erhaltcn, wcshalb diescr Tcil der Unler- 
suchung 102 Falle nmfasst, d. i. 90 % der ganzcn Rcihe, Dicse 102 
Paticntinnen haben — in der Regcl sehr ausfuhrlich iind gewissen- 
haft — den ihnen zugeschickten Fragebogen beantwortet. 


Punkl I des Fragebogens betraf den Zivil&land mit Angabc dcs Dalnms 
der EhescUliessung usw. Punkt II erfragle die nornialon Verhiillnisse 
der Menstruation sowie ihre Bezielning zum Gclenkle.iden. Entspreclicnd 
wurden unter Punkt III Angaben iiber die Schwnngerscliaflcn erheten, 
mit Geburtsdaten der Kinder, Felilgebiirlen u. dgh Schliesslicli wvirden 
unter Punkt IV verschtedene Fragen fiber die Bezieliung des GeJenklei- 
dens zu Menstruation, Sclnvangerschafl und Menopause gestcilf, and zwar 


•so, dass sie die unter I — III gemacJden Angaben konIroDieren und ergiin- 
zen konnlen. 

Samtliche Hormonbeslimmungen siud am Jiicsigon llornionlabo- 
ratorium ausgeffilirt worden, dessen damaligcr Vorstand, Doz. "Med. Dr. 
Sune Genell, mir damals und auch jelzf bei der Bearbeilung dcs Malcrials 
durch die IControIIe der Primarwerte und werl voile Rafscliliige geliolfen 
bat, \TOfur ich ihm selir zu Dank verpfJicJilel bin. Dass die Prolanbe.sflm- 
munpn in unserm Unlersuchungsgul so stark iiberwiegen, orldart .sich 
damit, dass die damalige Tecltnik keinc genfigondc Ocnauigkeil dor Fol- 
hkulinbesUmmungen bei den niedrigen Werten gcslaltcto. Der Prolnnli- 
ter nwde nacli folgendem Verlahren ermitteit: Ausfallung ciner gowfinrrli- 
to Mrage anjesSucrlen Hams mil 95 %%em Allcoliol, iicnlrifusicreu mul 
N clnvasche des Scaimeels, das nacii Vcrdimslims i" (iesl- Wasscr golosl 

val" ™ as St ra dinom Inlor- 

vou as Slunden smsclien dc- erston „ud der sechsicn lujeklion. Al.- 
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lesung 100 Slunden nach der ersten Einsprii zving. Der Prolanljter betrifft 
in alien Fallen das sog. Prolan A. 

Die sclironische Polyai’tJjritis® ist ein schwer zu definierender 
Krankheitsbegriff. In der vorliegenden Arbeit wird unter dieser 
Diagnose das verstanden, was im deutscben Schrifttum als »pri- 
marcbroniscbe rbeumatische Infektartbritis)> und in der angel- 
sacbsiscben Terminologie als »rheumatoid arthritis)) oder ))atrophic 
artliritis)) bezeicbnet wird. In der Polyarthritidenreibe finden 
sich 108 derartige Falle, wahrend in 8 Fallen die Gelenkbeschwer- 
den hauptsachlich subjektiv und mebr vom Typus der »menopaus 
arthralgia)) waren. Es erschien jedoch wertvoll, auch diese Gruppe 
bei einer Untersucliung der vorliegenden Art einzubeziehen. In 
der Zeit, welcbe die Untersncbung umfasst, sind an unserer Klinik 
254 Patienten unter der Diagnose ))Polyarthritis chronical) ver- 
sorgt worden. Die bier bchandelten Falle machen also 46 % des 
gesamten Polyarthritidengutes der Klinik aus. Es ist nicht ganz 
ausgeschlossen — namentbch gilt dies fiir die erste Zeit — , dass 
eine gewisse Auswahl getroffen worden ist. Vermutlich wird man 
haufiger insolchen Fallen die Titration ausgefiihrt haben,indenen 
klinische Grvinde einen positiven Befund erwarten liessen. Das 
bier vorgelegte Material erweist sich jedoch in wiclitigen klinisclien 
Bezriehungen als ein tijpischcs dmchschniiiliches Polyarlhriiidcngut. 

Das Durchschnittsaher zur Zeit der Nachuntersuebung war 39 ± 0.9 
Jahre. Fig. 1 und Tab. 1 zeigen die Altersverteilung und veranschau- 
lichen die im ganzen gleiclimtissige Haufigkeilssle'gerung mit zunehmen- 
dem Alter. Der sleile Kurvenabfall nach dem 50. Lebensjahr ist teils darauf 
zuruckzufiihren, dass oberlialb dieser Altersgrenze seKener Titrat’onen 
gemacht wurden, teils und vor allem darauf, dass sich das Untersuchungs- 
gut hauptsachlich aus Patientinnen zusammensetzt, die durch die staatliche 
Pensionsbehorde eingewiesen waren, und in der Regel liegt die Alters- 
grenze fiir die betreffenden Patieniinnen der Lunder Klinik beim SO.Lebens- 
jahr. 

Von grosstem Interesse ist das Alter bei Kranhheitsbeginn. Wir ver- 
fiigen diesbeziiglicb iiber ein sehr wertvolles Vergleichsmaterial, da Ed- 
sirdm (1936) eine entsprechende Zusammenstellung des Krankengutes 
der Medizinischen und Padiatrischen Klinik zu Lund vorgenommen hat- 
Die Zusammensetzung unseres und des Edstrom’sehen Materials wrd 
weitgehend ubereinstimmen, da die betreffenden Kliniken alle eUva den- 
selben Aufnahmebereich und damit eine einheitliche Klientel haben. In 
unserem Material ist zwangslaufig die Verteilung infolge der durch die 
obengenannten Aufnahmebestimmungen bedingten Auswahl schief. Es 
zeigt sich {siehe Fig. 2 und Tab. 2), da.ss die Gbereinstimmung bis zu der 
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15^9 20 J2W93O-34 35-3940-^4^49 50-54 5^59 60-W 3AHRESGRUPPEN 

Abb. 1. 


Tabelle I. 

Die Altersverteilung uiul Hciratsfrcciiicnz beim KrnnkcnhaHscintriU. 


Alter (Jahre) 15 — 19 


Anzahl 

Berechnetc 

Heiratsfrequens: 

Gefundene 

Heiratsfrequenz 


20—24 

25—29 

ao—soj 

35—39 

40-— 14 

45—19 

1 

o 

55 — 59 

Zns. 

G 

15 

12 

24 

IG 

25 

12 

2 

IIG 

l.C 

8.9 

8.5 

17.3 

11.4 

17.3 

7.8 

1.2 

74.1 

1 

9 

8 

12 

12 

19 

10 

1 
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Tabelle II. 


Die Altersverteilung zur ZcU des Krankcnlinuseintritls. 


Alter (Jahre) 

1 

!o— 2 

1 

3—5 

1 

0—10 

SB 

B 

B 

B 

B 

B 

B 

B 

31— 

35 

3(1— 

40 

•If) 

1 

15— 

50 

rn~ 

T)0 

5G— 

GO 

N^ach Edstrom 


1 ' 

4 

1 

13 ; 

25 

37 

29 

47 

54 

37 

1 

1 

A2 ! 

41 

32 

Eigenes Material .... 

1 

— 

1 ' 

3 

11 

8 

19 

22 

10 

14 

15 i 

2 

— 


in Rede stelienden Allersklasse selir gul ist. In heiden Matcrialreihcn 
zeigen die Kurven deullicli eine gewisse Dreigipfiigkcil; in deni Edslrdnd- 
schen Material sind diese Gipfel eUva ein Jalirfiinfl ini Vcrliiillnis zu nn- 
serm Krankengut versclioben. Wir werden hieranf noch znriickkommen. 
Hier soli nur feslgeslelll werden, dass die iibereinslimnicnde Knrvcnform 
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ANZAHL rfiLLL 


die: altersveirteilung bei krankennahme. 

E(GENES MATERIAL 

NACH EDSTROm 


ElfiENE • NACH EDSTROm 



zu zeigen scheint, dass eine etwaige Auswalil der Titrationsfalle auf die 
Zusammensetzung in dieserHinsicht keine merklicheEinwirkung ausgeiibl 
hat. 

Typus und Ausbreitung der Gelenkveranderungen waren die ubiichen. 
Was die Ausbreitung betrifft, enlhalt das Material Falle, in denen bless 
einige Fingergelenke angegriffen Avaren, bis bin zu solcben, bei denen 
praktiseb samtiicbe Gelenke des Korpers von der Krankheit befallen waren. 


TabeUe III. 

Das Vcrhalten der Blulkorpercbciisenkungsgeschwinaigkeil (SR). Erste 
AVerle beim Krankenhauscintritt. 




Pol 3 ’arlhriUdenreihe 

Konlrollenreihe 

SR mm/Stde. 

Samtliche 

Fallc 

Ovarial- 

insuffizienz 

1— 

■ 

10 

1 

16 

11— 


31 

C 

10 

21— 


20 

2 

7 

31 — 

10 

19 

2 

3 

41 — 

- 50 

9 

1 

1 

51 — 

CO 

7 

2 

2 

fil — 

70 

-1 

— 

— 

71 — 

80 

8 

— 

— 

81 — 

90 

3 

— 

— 

91- 

100 

4 

— 


101 — 

110 

— 

• — 


111— 

120 

1 

— 

.. 
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Die \usbreitung der Veranderungen isl tabellarisch bearbeilet yorden; 
da ‘=ich kein Pradileklionslypus der GelenkveTanderungen hat Ceststellen 
ias^en, erubrigl sicb eine Veroffenilichung dieser Bearbeitung. 

Da': Verbalten der Bluisenkungsgesch%nndigkeil (SR mm/1 Side.) ist 
in Tal). 3 veranschaulicbl . Wie man sieht, besteht in der Polyarthritiden- 
reiiie gewohnlicb eine massige Bescblewnigung, vrabrend envartungsgemass 
die Konfrollen einen holieren Hunderlsalz normaler Werte auhveisen. 

Geschlechtsleben und Gelenkkrankheit. 

Dieser Teii der Dntersuchung ist das Ergebnis der Nachunter- 
suchung und hat die Aufgabe, die subjckiive Auffassung der Pati- 
enlinnen binsichtlich des Zusammcnhanges OTiscben der Ge- 
sclilechtsfunktion in casu und dem Gelenkleiden zu beleuchten. 

Was die Mmsinialion angeht, Ijraucht hier die bekannte Tat- 
sache niclit nalier erortert zu Averden, dass in dieser Weise gesam- 
meile Angaben stets zienrlich unzuverlassig sind und daher nur 
einen bcschrankten Wert iiaben. 94 Frauen baben Angaben fiber 
die il/enarcfte gemacht, aus dcnen sicb eine tj*pische Kurve mit dem 
Hobepunkt im 15. Lebensjahr ergibt; die Yerteilung ist die fiir 
unsere Klicnto! zu erwartende, eine sichere Verschiebung lasst 
sicb nielli erkennen. Die eigenen Angaben fiber die Lange des 
Menslruationszj'klus Aveisen in den Fallen, in denen die Kranken- 
blatler eine Kontrollc erlauliten, so grosse AbAA'ciebungen von der 
tatsachlichen Lange auf, dass cs sicb kaum verlohht, sie hier AA'ieder- 
zugeben. Grosseren Wert liaben dagegen die Angaben fiber Ver- 
andeningen im Charakler der Menstruation, die A'on einem Toil der 
Patientinnen gemacht As-orden sind. So geben 6 Frauen baufigere 
lilenstruationen und 17 Frauen langere InterA'aHe seit dem Auf- 
trelcn der Krankbeit an. Die subjektiven MenstruationsbeseJuA'er- 
den Avurden in 5 Fallen starker, in 2 Fallen geringer, Hire iMenge 
Avird in 13 Fallen als gesteigert, in 9 Fallen als vermindert angege- 
ben. fnsgesamt Avaren in 32 Fallen — 32 % des Materials — 
irgendwelche Storungen der Regel zu verzeiebnen, Avahrend 52 
Frauen keinc Becinflussung dcr Menstruation durch die Gelenk- 
krankbeit bemerkt baben; in 18 Fallen sind die diesbezfiglichen 
Angaben unsicher oder die Patientinnen baben nach der Er- 
krankung keinc Menstruation gebabt. 

Auf die Fragen nach dem Verhallen der Gelenkkrankheil bci der 
Menstruation baben 77 Patientinnen gute AntAV'orten geliefert; 
Jii 20 Fallen feblen diesbezfigliche Angaben, oder die Patientinnen 
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haben keine Menstruation gehabt. 29 Patientinnen — 48 % der_ 
jenigen, welche die Fragen beantwortet baben, 28 % des Materials 
— melden eine entscbiedene Verstarkung der subjektiven Gelenk- 
heschwerden wabrend der Regel, nur 3 baben eine Linderung ver- 
merkt; 45 konnten keine Anderung der Bescbwerden feststellen. 
Haufig steigern sich also die Scbmerzen in polyartbritiscb erkrank- 
ten Gelenken wabrend der Menstruation, und zwar besonders 
wabrend der ersten Tage. Eine subjektive Linderung dagegen ist 
selten. Die Frequenz der veranderten Gelenkbeschwerden bzw. 
Menstruationsverbaltnisse ist m. E. in dexn, vorliegenden Material 
von elner Grossenordnung, dass naan einen Zusananaenhang zwi- 
scben Gescblecbtszyklus und Gelenkbeschwerden oder unagekebrt 
abnen kann. 

Das grdsste Interesse beansprucbt indessen das Verhalten der 
Gelenldrrankheit bei der Schwangerschaft. Zweifellos batte naan 
vielfacb scbon friiber — so jedenfalls an der Ortbopadischen Kli- 
nik — einen solcben Zusanamenbang benaerkt, doch wurde er im 
Schrifttum erstmalig von DeSa (1937) bervorgeboben;spater haben 
u. a. Touw et Knipers (1938) sowie Henscb (1939) dariiber gehandelt. 
Um den recbten Hintergrund zu gewinnen, erscbeint es notwendig, 
unser IMaterial vona bevolkeningsstatistiscben Gesicbtspunkt aus 
zu beleuchten. ^ "Selbstverstandlicb ist es sebr avertvoll, Faktoren 
wie Heiratsfreqmnz, Kinderzahl usav. zu analysieren. Solche Daten 
diirfen als Indikatoren — ina allerweitesten Sinne — dafiir gelten, 
avas naan die exkretoriscbe Funktion des Eierstocks nennen kdnnte, 
und ferner sind sie auch ein Ausdruck der Harnaonie und des Gleich- 
geaadcbts ina konaplizierten hormonalen Zusamnaenspiel des weib- 
lichen Geschlecbtszyldus. 

Tab. 1 verzeicbnet neben dem Alter auch die berechnete und 
die tatsachlich gefundene Heiraisfrequenz in den einzelnen Alters- 
gruppen; die berecbneten Werte stutzen sich auf die scbavediscbe 
Volkszahlung vona Jalare 1940. Es zeigt sich, dass die Heirats- 
frequenz der Polyarthritidenreihe so gut wie exakt der berecbneten 
entspricht. In dieser Hinsicht reprasentiert das Untersuchungsgut 
also einen typischen Bevolkerungsdurcbscbnitt, und das Gelenk- 
leiden hat die Heiratsaussichten nicbt — wie man vielleicht hatte 
vemauten kdnnen — beeintrachtigt. 

^ Fiir wertvolle Hilfe bei dieser Analyse sage ich dem Statistiker der Univer- 
sitat Lund, Herrn Prof. Fil. Dr. C. E. Quensel, herzlichen Dank. 
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Tabelle IV« 

dcr SclwangcrscMtlcn mil dcm Krnnkhcilsbceim- 


Alter bei der 
Erkrankung-. 



Scliwangcrscbattcn nor dcra 
Krankbeitsbeginn 

ScUwangerscliaiten nach dcm 
Kranklicilsbcginn 

5 5_-4 4—3 3—2 2—1 1—0 

0_1 1—2 2—3 3—1 4—5 .5 

15—20 J. . • 
20—25 J. . . 
25—30 J. • • 
30—35 J. . • 
35—40 J. • . 
40 — 45 J. • • 
45 — 50 J. • ■ 
50—55 .T. .. 

10 2 2 2 2 7 

14 2 5 2 4 5 

30 — — 2 — — 

21 ~ 

0 

1 — 1 1 — 4 

1 — 1 1 15 

_ 1 1 — — i 


09 4 7 0 (5 13 

2 13 2 1 19 

2 ^ 


t)ber die Kindcrzahl sind cxaktc Angahen nur durcli den Fra- 
gcbogen erhaltcn worden. Von den 102 Frauen der Polyartliritiden- 
reihe waren 68 verheiralet, dock liabcn nur 60 vollslandige Angn- 
I)en gemacbt; diesc 60 Fi'auen batten bis zuni Zcil])unkl. dcr Nacli- 
untersuebung 153 Kinder, 13 Frauen waren kinderJos. rndessen 
hat das grosste Interessc fiir diese Fragc der Zeitpunkt dcs Krank- 
heitsbeginns. Bei Krankbeitsbeginn waren 51 Frauen vcrbciralcl 
und batten zusamrnen 125 Kinder, walirend 10 kinderlos %varon. 
Da Angaben iiber das Jabr der Ebcschlicssung und die Dauer dcr 
Ebe vorliegen, ist es moglicli, die gefundene Kindcrzahl und die 
AnzaJiI der kinderlosen Ehcn init den entspreebenden Vcrliall- 
nissen der schwediseben GcsamtbevdJkcrung zn vergJcichen. Gcbt 
man von den Erhebungen der Volkszablung vom Jaiirc 1936 aus, 
so miissten die 51 bei Krankbeitsbeginn vcrbeiratclcn Frauen 
105 ICinder haben und die Zal)l der Ivindcrloscn Elien 11 belragen. 
Die tatsacblicben Zablen waren aber 125 bzw. 10. Bei der Nacb- 
untersuebung batten cntsprecliend die 60 Frauen mit Kindeni ins- 
gesamt 175 Kinder baben miissen. so dass also Ibeorcli.scb nacb 
der Erkrankung 70 Kinder batten geboren werden mussen. Tat- 
sacblich Sind nur 28, also ein geringer Teil dcr bcrecbnctcn, rre- 
boren worden. Die Anzabl dcr kinderlosen Eben imtte von 11 auf 
8 fallen sollen, hat sich aber - nacb Sebliessung weilcrer 9 Eben ~ 
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vielmehr auf 13 erlioht. Allzu grosse Bedeutung in statistisclier 
Hinsicht darf man wegcn des kleinen Materials und der Sclnvierig- 
keit, exakte Vergleiclisdaten zu finden, diesen Zahlen nicht br,- 
messen, dock lassen sie erkennen, dass die Geburtenzalil besondets 
. in den ersten ^Jaliren der Krankheit (siehe Tab. 4) bedeutend Idei- 
,ner ist, als man rechneriscfi battc erwarten konnen. Dies sind aus- 
serordentlicli intercssantc Daten. Die vor Krankheitsbeginn in 
dieser Gruppe von Frauen volb'g normale Fcrtilitat sinkt nacb Aus- 
iKucb des Gclenkleidens katastropbal ab. Inwieweit die Erklarung 
dafiir in allgemeinmenscblicben Faktoren, langem Krankenbaus- 
aufentbalt usw. Oder in einer etwaigen Stdrung der Ovarialfunk- 
tion im Zusammenliang mit der Geicnkkrankbeit zu suclien ist, lasst 
sicb selbstverstandlicb nicbt cntscbeidcn. 

Wie aus dieser Untersucliung ersiclitlicb ist, baben wir trotz 
des Unifangs des Materials nur recht wenigc Fade — im ganzen 
17 — wo die Frauen nacii ibre Erimankung Kinder bekommen 
baben. Von diesen 17 Frauen haben 9 — also fiber die Halfte — 
ivdhrcnd der Schwangerschaft cine unverkennbarc Lindermg Hirer 
Beschwerden fcslgcsiellt. 3 Frauen melden umgekebrt eine Steige- 
rung ilirer Besebwerden wahrend der Graviditat, und nur eine hat 
deutlicb angegeben, sie liabc keinen Einfluss der Sclnvangerscliaft 
auf die Gelenldcrankbcit merken konnen. Die rcstlicben 3 Falle 
macben in dieser Hinsiebt unbestimmte Angaben, die keine sicbere 
Bewerlung ermogliclicn. Nacb dem Partus sind indessen die 
Gelenkbcscbwerden nacli kiirzestens 4 Woeben und langstens 4 
Monaten zuriickgekebrt. In samtlicben Fallen beurteilten die 
belrcffenden Patientinnen diesc erneuten Besebwerden als im 
Vergleicb zu friiber ersebwert. In cinem Falle (mit zwei Sclman- 
gcrsciiaften) glaubte die Frau nacb 1 Jabr sicb gegenuber ibrem 
Zustand vor der ersten Sebwangersebaft gebessert, dock bekam 
sic nacb der zweiten Graviditat erneut starke Besebwerden. Audi 
bier konnen jedocb ausser den bormonalen Faktoren viele andcre 
mitspielen, z. B. der Einfluss der gesteigerten Beanspruebung der 
Gelenkc. 

Wie weiter oben sebon erwabnt, zeigt die Kurvm des Erkran- 
kiingsalters eine gewisse Dreigipfligkeit, und zwar fallt in unserm 
Material der erste Gipfel' in die Altersgruppe 16 — 18 Jalire, der 
zweite in die Gruppe 26 — 35 Jabre, der dritte, flachere in die 
■Gruppe 41 — 50 Jabre; Edstrom’s Material ergibt eine ebenso drei- 
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gipflige Kurve, doch sind die Gipfel im Verhaltnis zu iinsercr 
Kurve etwa um 5 Jahre versclioben. Selbstverstandlicli gelit cs 
nicht an, aus einer solclien Kurve zu viel herausjcscn zu wollen, 
doch legt die Tatsaclie als solclie die .^nalimc eines Zusammen- 
hanges zwischen dem Krankheitsbeginn und den 3 ^ossen Perio- 
den des weiblichen Organistnus — Pubertat, Fertilitat und Kli- 
makterium — nahe. Es ist u. a. deshalb von Intcresse zu unter- 
suchen, inwieweit wir aus den vorliegenden Angaben einen Zu- 
sammenliang zwisclien der Erkrankung und Mcnarclie, Schwanger- 
schaft und Menopause lierauslesen konnen. In 3 Fallen geben 
die Patientinnen selbst an, dass die GclenWjeschwerden zugicich 
mit den Monatsregcln begonnen liatten, und aus den Antworten 
ist zu entnelimcn, dass fiir die Patientinnen selbst kein Zweifcl an 
dem, Zusammenhang der beiden Ereignissc bcstelien kann. In Tab. 
4 ist unverkennbar eine Hiiufung von Schwangemclmflen im 
Jahre des Kranklieitsbeginns feslzusteJJen. In 12 Fallen bcsleht 
aucli ein kJarer zeitlicher Zusammenhang z^visc)len Schwanger- 
schaft (in zwei Fallen durch Abort beendet, wo also ein infcklidscs 
Moment nicht ausgeschlossen werden kann) und Bcginn des Gelenk- 
leidens. Hinsichtlich der Menopause ist es nicht ebenso Icicht, 
diese exakt zeitlich zu bestimmen. In 8 Fallen war jedocli die 
Gelenkkrankheit in zeitlich nahem Zusammenhang mil dem Auf- 
horen der Blutungen aufgetreten. 

In 23 der 102 nachuntersuchten Fallc lasst sicli also cin zeit- 
licher Zusammenhang zwischen der polyarlljritischen Erkrankung 
und hormonalen Stiirmcn der weiblichen Gcsciilcchlsfunktion 
erkennen. Von Interessc ist die Fcststcllung, dass von den ubrigen 
79 Patientinnen 30 cin Zusammenfallcn des Beginns der Poly- 
arthritis mit eincm entzundh'chen ZustamJ (Angina, Erkaltung, 
Scharlach usw.) melden. In der vorliegenden Polyarthritidcn- 
reihe sind diese beiden als atiologische jMomcnlc besonders lel)- 
haft erdrterten Faktoren in etwa dersell)en Frequenz vorgekom- 
men (m 30 % zeitlicher Zusammenhang mit einer infektion, in 
23 % mit der Geschlechtsfunktion). 

Die durch die Nachuntersuchung erhaltencn /Vngaben lasscn 
m E. emdeutig erkennen, dass in einer nicht klcincn Anzahl von 

Cpc Zusammenhang zwischen der weiblichen 

Geschlechtsfunktion und der chronischen Polyarthritis besteht. 


^ Acta med, scandinav. Vol. CXVII. 
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Hormonausscheidung und Gelenkkrankheit. 

Als zweite Hauptaufgabe dieser Arbeit stellt sich die Unter- 
suchung dar, ob eine Beobacbtung der Hormonausscheidung bei 
Po] 3 ^art]iritiden zu einer vertieften Analyse der offenbar sebr 
komplexen Relationen, mit denen wir es bier zu tun haben, bei- 
tragen kanu. Der Prolantiter im Ham ist in 105 Fallen bestimint 
worden, die Follikulinnrenge wegen der damals vorliandenen 
technischen Scliwerigkeiten in nur 14 Fallen. Das umgekehrte 
Verhaltnis zwischen den Bestimmungen A\’are vorteilliafter gewesen, 
da ja die Follikulinbestimmung einen direkteren Ausdruck fiir die 
Ovarialfunktion liefert, wahrend die Prolanausscheidung nur so- 
zusagen auf einem Umweg die Stoning derselben registriert. Ein 
anderer Nachteil liegt in der Sclnvierigkeit, die Ergebnisse der 
Prolantitrationen riclitig zu bewerten. Wir wssen namlich nocb 
nicbts Genaues iiber den Verlauf der Prolankurve wahrend des 
Gescblecbtszj’klus. Wdhrend ^Yir betreffs der Follikulinausschei- 
dung eine auf grossen Materialzusammenstellungen fussende 
Kenntnis von den Einzelheiten der Ausscbeidungskun’-e besitzen 
(Genell 1943), fehlen entsprecbende Angaben fiir die Prolantitra- 
tion; die von Zondek angegebenen Werte sind zu summarisch, als 
dass sie eine V'csentlicbe Hilfe boten. Es erschien dalier notwendig, 
ein eigenes Kontrollenmaterial fiir direkte Vergleicbe mit der 
Versuchsreihe zu beschaffen. 

Das KoncroIImaterial beslehl aus 43 Frauen, die sich dem Alter nacli 
eUva ^Yie die Polyarthrilidenreihe verliallen. Technisch haben Kontrol- 
len und Gelenkkrankheilen die gleicbe Behandlung eriabren. Die Dia- 
gnosen in der Konlrollenreihe lauten in der Hauptsache auf Insufficienlia 
dorsi Oder Syndroma lymbo-ischias — ehva 35 % — dock finden sich 
auch 1 Falle von Omarthritis und ein Fall von Spondjdarlhritis ankylo- 
poetica darunter, ^Yelch letzlerer Fall als besonders ■wertvoll angesehen 
rnirde. Ferner laulete in 3 Fallen die Diagnose auf Adipositas, die iibri- 
gen Falle boten ein buntes Bild mit den tiblichen ortbopadischen Dia- 
gnosen. Zur Blutkorperchensenkungsgesclnvindigkeit siebe Tab. 3. 

Die Ergebnisse der Prolantitration sind aus den Tabellen 
4 — 5 ersichtlich. 

Zur Aufstellung der Tabellen sei nur bemerkt, dass die Spalte 40 80 
ME auch diejenigen Falle enthalt, in denen die Titration nicht bis zu 
einer niedrigeren Grenze fortgesetzt Avorden ist, sondern bei denen die 
Antwort nur mveniger als 80 ME» lauten konnte; es ist also nicht undent- 
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• Tabelle V* 

Pi c Prolannusschcidungin vcrsclncdcncn Altcrskl asscii. 

Prolantilcr in ME 

Alter . 40—80 80—100 100—165 jgj ;^ie 

bis 40 ME ME ME lilli 


I,- Polyarthritidcn. 

15—19 J 

20—24 J 

25—29 J 

30—34 J 

35—39 J 

40—44 J 

45 — 49 J 

50—54 J 

55 — 59 J 


II. KoniroUcn. 

15—19 J 

20—24 J I 

25—29 J 

30—34 J 

35—39 J 

40—44 J 

45—49 J 

50—54 J 

55—59 J 

60—64 J 

65—69 J 



bar, dass ein Teil dieser Falle eigenllicli zur naclisitiefcren Gnij)pe gelidrJ 
hatle, falls nur die Bestimmung weiter iiach iintcn forfgo.sefzf wordeii 
ware. 

Die Tabellen zeigeii das bekannlc Bild — in den Jaliren der 
Gesdilecbtsreife niedrige Titenverle, die bci der Menopause 
schnell ansteigen; jenseits dcs 50. Lcbensjalirs hat in der Vcrsuch.s- 
reilie keine, in der Konlrollcnrcihc cine Paticnlin Werlc tinier 100 
ME. Die beiden Reilien -weisen frappanlc Unglcicliheilen auf. 
Wahrend unter den Polyarthritiden die hblicren Gruppen nnch 
bei Frauen jungeren Alters verLreten sind, fehlcn solche Tilcr- 
werte bei den Kontrollcn fast ganz. Dies deckt sich mil der Er- 
fabrung, dass Werle iilicr 80 ME mit einer nornialen Ovarial- 
funktion nicht vereinbar sind,sondein dass siecrstauftrelcn,tvcnn 
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Tabelle VI* 

Die Prolanausscheidung in verschiedenen Altersklassen (Zusammcnfassu 


Alter 

■ ' - - 

Prolanau.s.schei(3u(ig in ME 

bis 40 ME 

40—80 

ME 

80—100 
ME ' 

100—165 

ME 

105 ME 

I. Polyarihriiiden. 






1.5—39 J 

23 

15 

7 

2 

2 


47 % 

31 % 

14 % 

4 % 

4 % 

40—49 J 

19 

7 

— 

7 

7 


48 % 

17 % 


17 % 

17 % 

.50— J 

— 

— 

— 

2 

12 





12 % 

88 % 

II. Kontrollen. 






15—39 J 

10 

12 

1 

— 

_ 


44 % 

52 % 

4 % 

— 



40—49 J 

7 

2 

— 

3 

1 


54 % 

15 % 

— 

23 % 

8 % 

50— J 

— 

1 

— 

1 

5 


— 

14 % 

— 

14 % 

72 % 


die FoIIikulinproduktion patliologiscli niedrige Werte. erreicht 
hat, Es ist moglich (laut personlicher Mitteilung von Genell), dass 
die Grenze vielleicht noch tiefer angesetzt werden konnte, viel- 
leicht hei 65 ME, da aber die Titrationen bei unseren Fallen haupt- 
sachlich in den in der Tabelle angegebenen Grenzen blieben, sowie 
.uni die Grenze nicht zu eng zu ziehen, enapfiehlt es sich, Werte von 
80 ME und hdher als mit einer normalen Ovarialfunktion unverein- 
bar festzusetzen. Ini Kliniakteriuna und in der Menopause treten 
solcbe Werte normal auf, vor diesem Alter aber sind sie krank- 
haft. In der Polyarthritidenreilie linden wir, dass von 49 Frauen 
unter 40 Jahren, vor welchem Alter das Klimakterium normaler- 
weise nicht vorkommt, 11 zu hohe Prolan titerwerte batten. Bei 
den Kontrollen findet sich in derselben Altersgruppe nur 1 Fall. 
Von den Polyarihriiiden zwischen 15 und 39 J ahren zeigen 22 % 
einwandjrei pathologische Werte, wdhrend bei den Kontrollen dcrsel- 
ben Altersgruppe nur 4 % einen erlwhten Prolantiter aufweisen. 
Die Differenz ist 18 ± 7.2 %, somit reichlich doppelt, jedoch nicht 

ganz 3mal so gross wiedermittlereFehler, weshalbsiestatistisch 

wahrscheinlich ist. 

Die Anzahl der Follikulintitrationen ist zu gering, als dass man 
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sie mit irgendwelchem Nutzen entsprechend wie die Prolamverte 
bearbeiten konnte; bier baben wir jedocb die Mogbcbkeit ernes 
direkten Vergleicbs mit bekamiten Normahvertcn. Von 14 Bc- 
stimmiingen entfallen 12 auf die Altersgruppen 5—39 Jabre, 2 auf 
die Gruppe 40—49 Jabre. Bci den erstcrcn ergaben sicli in 2 
Fallen eimvandfrei subnonnale Werte, ein dritter Wert stcbt auf 
der Grenze zum Abnormen. 

An eincm Krankangut von 61 Frauen unier 40 Jahren niitchroni- 
seller PolijarlhriUs haben wir also durch cxaldc Hormonhcslimmun- 
gen in 13 Fallen cine Ooarialinsuf fizienz jcststcllen konnen- Bin 
Kontrollmaterial mit versebiedenen ortbopadiseben Diagnosen, 
das Frauen derselben Altersgruppen umfasste, wics dagegen nur 
einen solchen Fall auf. 


Die betfeffenden 13 Pallo siml einer eingebenderen Priifmig unler- 
zogen worden, doch verraten sie hinsicbtlicb dcs Begimis, des VerJnufs 
Oder des Idinischen Typus der ICrankheil (die SR-Werlo siolio i» Tab. 3 ) 
keine cliarakteristischen Ziige, mit der cinzigen Aiisnabmc, dnss in ein 
paar Fallen merkbare Menstrual ionsslornngen A’orlagon. Bci cinor Fra\j 
in den Dreissigern liorten die Monslniationcn mil. dem Binsotzen dor 
GelenkbeschAverden auf und s’nd bisber — 4 Jabre spiilcr — nocli nicbl 
zuriickgekehrt . Wejlere 5 der 13 Frauen melden sparliclie Menslriinijonen 
in langen Abstanden, Avabrend die iibrigen auf Grand der oigenen Angabon 
wie aucli nacb den Angaben der Krankenblaf ler als normal men.siniiorcnd 
rubriziert Averden konnen. Es verdient erncvil unter.slricbon zu werden, 
doss sick der Idinische Typus dicser Fdllc in nichts von dent der iibrigen 
Falle unterscheidet. 


Neben der Ovarialfunktion ist in dem vorVwgcmlon Material 
auch ein anderes inkretorisebes Organ untemnclil worclcn,namlicb 
die Schilddruse. Edslrom (1939) fand bci cincm gros.scn Pol}^- 
artbritidengut einen Grundumsalz, der im Durchscbnill ein wenig 
unter der Norm lag. Der mitticre Werl aus G5 Be.slimmuiigen der 
Polyarthritidcnrcihc unsercs Materials isl + 3 %; Avenn man — 
wie Edstrdm - ± 10 % als NormalAverl amsolzl, finder. Avir in 
unserem Material 10 % zu niedrige, 71 % normnle und 20 % zu 
hohe Werte, m sebdner Obereinslimmung mit Edstrdm’s ent- 
sprcchencl™ Bdmdcn: 14 %, 61 % uml 2S %. Es cnchoinl rochl 
wertvoll m emem andcren inkretorfeclicn Bcrdcl, auftciu™ zu 

tr"v!’rl ,T ^”'>^'■.“’"“‘''"8"* ''8>«g mil 'I ■'ll bislicr 

ten Verbal tnissen ubercinstimmt. 
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Diskussion. 

m liabcn also objektiv feststcllen konnen, dass ein gates 
Funftel eines. Materials von polyartbritisclien Frauen unter 40 
Jahren eine Ovarialinsuffizienz aufweist, sowie dass subjektiv ein 
klarer Zusammenhang zwischen der Gelenkkrankheit und der 
Geschlechtsfunktion, bzw. umgekehrt, in etwa einem Viertel der 
Fiille beslcht. Indessen liegt keine positive Korrelation zwischen 
den Fallen dieser Gruppen vor, die sicli ansclieinend regellos fiber 
die garize Serie verteilen. Es ware aber von grossem Interesse, 
Avonn sich ein innerer Zusammenbang zAvisclien diesen Befunden 
nachweiscn liesse. Der gemeinsame Nenner, an den in erster Linie 
zu denken ware, ist die Follikulimvirkimg, der ja sclion Rasmussen 
(1936) essentielle Bedeiitnng beigeniessen bat. Ovarialinsuffizienz 
bewirkt vermindertc Follikulinproduktion. Eine niedrige FoUi- 
kulinproduktion ist — auch bei sonst normaler Ovarialfunk- 
tion — zur Zcit der Menstruation vorhanden, und subjektiv be- 
stand aiicb fast in der Halfte der Falle an den betreffenden Tagen 
cine Vcrschlintmerung der Gclcnkbeschwerden. Bei der Sclnvan- 
gerscliaft ist die Follikulinproduktion stark erhdbt — ^und in der 
Halfte der Falle, die nach Krankheitsbeginn eine Scbwangerschaft 
gehabt haben, trat im Zusammenbang damit eine merkbare Lin- 
derung der Gclenkbescbwerden ein. Dies sind sehr interessante 
Tatsachen, die m. E. stark fvir die Richtigkeit der Rasmussen’schen 
Ansicbt spreclien. Indessen gibt es aucb starke Argumente gegen 
diese durch ihre Einfachbeit anspiechende Deutung derAtiologie 
der Polyarthritis. Die numerischc FYequenz der Ovarialinsuffizienz 
ist in dem Amrliegenden Material aucli zu gering, als dass man sie 
als einen generellen Faktor betrachten kdnnte. Aucb kann man, 
trotz gewisser Erfolge bei FoIIikulinmedilcation Kuipers (1935), 
Rasmussen (1936), Mall (1936), Murray (1941) ~, nicbt von einer 
erfolgreichen Substitutionstberapie bei dercbroniscben Polyarthri- 
tis spreclien. Die Frauen des vorliegenden Materials baben nur 
sporadiscb Follikulin erhalten, und zwar, wie die Erfabrungen der 
letzten Jabre lebren, in viel zu kleinen Gaben, als dass man posi- 
tive Resultate hatte erwarten konnen; es erubngt sicli dalier, diese 

Resultate naher zu analysieren. 

Ein Hauptergebnis der Untersucbung scbeint es zu sein, class 

koine Grilndo besfehen dtlrften, die Falle vom Types der mono- 
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paus arthralgias aus dem generellen Polyarthntisbcgriff herausziH 
Len, da die Untersucimng gezeigt hat. dass eine Ovanahnsuffi- 
zienz auch ausserhalb des Menopausenalters erne so haufigc br- 
schcinung ist. Doch verfhgen wir E. noch mcht ubcr hinrei- 
chende Erkenntnisse fur eine fruchtbare Fortsetzung der Diskus- 
sion Dass wir es bier mit einem ausserst koniplexen Geschelien mil 
einem engen, von Fall zu Fall wechseindcn Zusammenspiel ver- 
schiedener Faktorcn — exogener wic endogencr iiber dcren 
inneren Zusanamenhang wir uns nicht aussern kdnncn, zu tun 
haben, ist wahrscheinhch Der Zukunft und eincr vcrfcincrlen 
hormonalcn und klinischen Anatyse bicibt es vorbehalten, cincn 
Weg durcli dieses LabjTinth zu bahnen. Auf der Basis der bier 
gemachten Beobachtung ist cs m. E. ausserst wahrscheinlich, dass 
das endokrine System cinen Jiervorragcnden PJatz in der fitiolo- 
gischen Diskussion einnelmien wird, mdgen nun die Stdrungen 
dieses Systems sicli als primare Fakloren oder nur als Sckundarcr- 
scheinungen des Grundiibols der ebroniseben Polyarlbrilis crAVcisen. 


Zusammenfassung. 

Die Untersuclumg stutzt sicb auf cin in den Jabren 1930 — 10 
zusammengebrachtes Material von Homronanalysen an weiblicben 
Pafienten mit ebroniseber Polyarthritis in der Ortbopadiseben 
Klinik zu Lund. Die Hormonanalyscn werden ergiinzl durcb cine 
im Jabre 1943 durcbgcfubrte scbriftlicbe Nacbunlcrsucbung. Das 
Material gliedert sicb in zwei Reiben: 1) llOFalle mit ebroniseber 
Polyarthritis, 2) 43 Kontrollcn mil weebseinden ortbopadiseben 

Diagnosen, An 61 polyarlbritiscbcn Frauen im Alter von 15 39 

Jabren konnte die Hormonanalyse (Prolan lilrationcn in 49, Folli- 
kulinbestimmungen in 12 Fallen) in 13 Fallen cine sicbcrc Ovarial- 
insuffizienz nachweisen, wabrend unter den 23 Fallen des Kon- 
trollmaterials nur einer cine solchc Stoning aufwies. 

An demselben Krankengut wurden die siibjcktivcn Beziebuimen 
z^vischen Gescblecbtsfunktion und Gelenldvrankbeit nnalysiert 
Vjobei sicb ein reiches Zusammenspiel fcslslellen liess. So waren 
Menstruationsstorungen nach der Erkrankung in 32 % der Falle 
zu verzeichnen, in 48 % der Falle konnte wabrend der Menstrua- 
jn eiM deirtlichc Versclilimmerung dor Gelenltbesclnvcrden bc- 
merkt werden, wahrend nur 4 % der FVnuen cine Limlcrung der 
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Beschwerden melden. Hinsichtlicli der Heiratsfreguenz und der 
Kinderzahl entspricht die Polyarthritidenreihe vor dem Auftreten 
der Krankheit einem ISTormalmaterial, wahrend dagegen die ^ahl 
der nach dem Ausbruch des Gelenkleidens geboreneji Kinder 
stark beschrankt ist. Nur 17 Frauen, (mit 28 Kindern) ^nirden 
nacli Krankheitsbeginnn sclnvanger. Von diesen melden 9 vermin- 
derte Gelenkbesclnverden, 3 verstarkte, 1 unveranderte, 4 geben 
unsichere Reaktionen an; in den Fallen mit wahrend der Schwanger- 
schaft leichteren Beschwerden verstarkten sich dieselben erneut 4 
Wochen bis 4 Monate nach dem Partus. Bei fast einem Viertel der 
Falle bestand ein zeitlicher Zusammenhang des Krankheitsbeginns 
mit Menarclie, Schwangerschaft oder Menopause; in 30 % des 
Gesamtmaterials bestand ein zeitlicher Zusammenhang des Krank- 
heitsbeginns mit einer Infektion. 

In der Diskussion unterstreicht der Verfasser die Bedeutung 
der sicheren Feststellung dieser hohen Frequenz von Ovarialin- 
suffizienz in einem Polyarthritidengut. Angesicbts der bier erho- 
benen Befunde erscheint eine Abtrennung der Falle vom Typus 
einer imenopaus arthralgias unbegriindet. Die Rolle des Folliku- 
lins als des vielleicht dominierenden Faktors wird erortert. Der 
Verf. steht indessen auf dem Standpunkt, dass es sich hier urn 
ein weit komplexeres Geschehen handelt. Dass endokrine Momente, 
primar oder sekundar, in der Pathogenese und Atiologie der chro- 
nischen Polyarthritis eine Hauptrolle spielen, ist nach der vor- 
liegenden Untersuchung sehr wahrscheinlich. 
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Introduction* 

Our systematic studies on experimental endogenous gastro- 
prival pellagra (»tho gaslrogcnous neuro-cutaneous symptom 
complex))) Averc aimed primarily to elucidate the clinical and mor- 
phological aspects of the lesion, secondaril)’' its etiology. 

Attempts have been made to elucidate the etiology by means 
of various elective resections of the digestive tract together with 
therapeutic experiments. 

The results of preventive parenteral treatment of totally gas- 
trectomized pigs with nicotinic acid, vitamin lactoflavin and 
vitamin A, given alone or combined with vitamin -f vitamin 
A have been reported by us (1938, 1940 and 1940). None of these 

^ These studies ■were carried out with the aid of a grant from P.^ Carl Peter- 
sen’s Fond, by private means and, lately, a grant from Kong Christian X Fond. 

Translation from Danish by Hans Andersen, M. D. 

The vitamin preparation, Avliicli is not yet pul on the market, was kmdl> 
placed at our disposal by' the »Baycr» concern. 
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sobstanceo iBdany effect on tlic symptoms or course of tliegustro- 

’’"'a systSc extension of those therapeutic experiments would 
naturally aim to investigate the amenablUty of the pellagra to 
treatment with vitamin alone, various combinations of vitamins 
B and, finally, vitamins given simultaneously. In vmw ol 

the negative outcome of the previous experiments and hoping to 
reach a conclusive solution of the problem more rapidly, we deviat- 
ed from this plan and submitted totally gastrectomizcd animals at 
once to treatment with all the vitamins B (Group 1). For various 
reasons we had to use pups instead of pigs for these experiments. 
Contrary to our expectations, for the first time in our tlicrapcutic 
experiments we obtained a positive result in this way. In order to 
ascertain the part pla3'^ed by vitamin Bg in this effect, therefore, it 
was necessar}^ to perform an additional experiment willi this sub- 
stance alone (Group 11). These two experimental groups will l>c 
reported in the following. 


Material and Technirjue. 


Tlie experimental material comprises 4 pups, Uvo sibs in each experi- 
mental group. The animals were of the same mongrel, shorl-liaired and 
medium-sized, breed and of the same sex (female). At the commencement 
of the experiment the animals in Group I (Nos. 127 and 128) were 5 — G 
months old, weighed respectively 5.9 and C.2 kg and measured 51 and 55 
cm in length. In Group 11 (Nos. 131 and 132) the age was 4—5 monUis, 
the weight 5.8 and 5.0 kg, the length 49 and 48 cm. Our prcviou.s studios on 
the consequences of t)]e same type of operation in pups have served a.s 
control (see pag. 11). 

The operation was performed underothcranesfhesia. The cnlireslom- 
ach was removed together witlT the proximal pari (about 2cm)ofth' 
duodenum, corresponding to the area whore the Brunner glands arc locat- 
ed. End-to-end anastomosis of the duodenum and oe.sophagus was per- 
formed after the method adopted by one of us (Petri). J 


without cmiiloyinciil of forcou.s in the 
foIio^^mg stagc.s: 1) dismt division (of the duodemini); 2) extraction of Iho 

ort, 't”'' 31 KMeratll,,, « II T cr„. mi". 

riorJy heluecn the cluo(lehuin and the posterior wall of llip dk(.,l nnr. t 

-i.isu';;.! 

the mucosa and serosa autcridrKx ^"twring 



svr.:«n pr.Tf.i, ri.r.MM!sn NoncAArn, kjelp rn.Kvrsr.n tic. 


The 'liet h.-is boon the pnmo as usually cmployod far do-i; soy , 
coarse ryo bread, somolimes buttered, sonieiinies larded; milk or i. i" 
\'.*n(r.r, adequate addition of Cowgill’s basal diet + yeast extrart rind o"' 
liver nil (10 cm* a xveok to each animal). 

The experiments were commenced in September 19 to (Graup I) r- ' 
August 1911 (Group II). 

The observation period has been 212 days (Group I) and 3R! div; 
(Group II). At the conclusion of the c.xpcriments the animals were kill' a 
by bleeding under ether anesthesia. 

Vitamin Therapy. The following vitamin preparations and doses in enr 
per animal per week ^s•ere employed, injected intramuscularly. Grnnp 
Betaxin (Bayer) 1.75 cm* (5 mg synthetic crystalline vitamin B, per end, 
-r Lactoflavin (Hoffmaim-La Roche) 7 cm* (1 mg per 2.2 cm*) -f- ni' a. 
tinic acid amid (Bayer) 0.5 cm* (10 eg per 2 cm*) -f- vitamin Bj (Bayer) 0.7 
cm*, later 0.35 cm* (originally 5 mg later from December 1910) 10 ing s\'n- 
thetic crystalline adermin hydrochloride per cm*. Group U ; Vitamin B, 
alone; 1.5 cm* in the first two months, O.G cm* in the rc.st of the period 
(10 mg per cm*). 

The vitamin preparations mentioned were given as weekly do?-? 
every other day (.Sundays excluded). Regardless of minor difference.' in 
their weight, the animals in each group were given the same weekly dose 
from start to finish. The injections were given continually throviglioul the 
period of treatment, each preparation separately, in varying idaee.s. The 
period of treatment has been 202 days, commencing 10 days after the oper- 
ation (Group I), and 384 days, from the d.ay of operation (Group II). The 
prolongation of the period of treatment in Group II was aimed to eliminate 
the possibility of an exceptionally late appe.arance of gaslroprival pellagna 
and to render the possible effect of the treatment more convincing. 

The total amounts of vitamins given each animal were; 25.1 eg of vita- 
min Bj + 90.9 mg of lactoflavin -!- 72 eg of nicotinic acid amid -f 10 eg of 
vitamin Bf, in Group I; and 40 eg of vitamin B,, .alone in Group II. 

In Group I the daily dose per kg of body weight was; vitamin Bj, min - 
mum 152 — 147 y, maximum 23G — 223 y; lactoflavin, min. 55 — 53.4 max. 


85.7 — SI y; nicotinic acid amid, min. 4.30 — 120 gjlnax. 075 — 635 y; and vita- 
min Bm min. CO.C— 58.8 y, max. 94..3— 89.1 y. Group II: vitamin B,. 
during the first two months, min. 343 — 37G y, max. 392 — 138 y, in th'' 
remainder of the therapeutic period, min. 137 — 163'/, max. 157 — 175 y. 

The vitamin doses were chosen on the basis of the following data; l!i“ 
minimum requirement of vitamin B, in infants is 240 7’ (Cowgill); optimal 
growth requires 80 y per kg per d.ay (Ivnotl and Poole ef of.). In dog.' I.acto- 
flavin avitaminosis is prevented by 25 y of lactoflavin per kg per da}; 
recovery requires a minimum intake of 750 '/per kg (Street & Cowgiii). 
Tlie minimal curative dose of nicotinic acid for experimental blnck-tongae 


in dogs is 0.5 mg per kg per day for 10 days (.Margolis ct al.). In nicotimc 
acid-treated pellagrous patients with refractory' nervous sy'inptom.', one 
injection of 50 mg .«ynthelic adermin gives rapid and complete reca\cry 
(Spies, Bean fc j^Vriie). In experiment.al B* deficiency in adult dogs a d" ^ 
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of 60 V per kg per day, given by moulb, is curative (Fouls, Hcimer & 
Lepkovsky). The organism is said to have a great capacity for deposumg of 

According to the cited statements, in Group I the daily dose of vitamin 
Bihas been a little lower than, or corresponding to, the minimum required; 
the daily dose of lactoflavin was 2—3 times the preventive dose; the daily 
dose of nicotinic acid amid was a little under or a little over the minimal 
curative dose; finally, the vitamin Bo intaJcc corresponded to the curative 
dose or was a little over. . 

In Group II the daily dose in tlie first 2 months was 5—7 limes the cura- 
tive dose, in the rest of the therapeutic period only a little over twee the 
curative dose. 

Considering the parenteral administration of the drugs, the long period 
of treatment and the young age of the animals, tlie vitamin < oses here 
employed may thus be characterized as rather large. 

For the sake of comparison, it may be mentioned tlial the doses of 
vitamin Bj, lactoflavin and nicotinic acid in our previous Ihcrapoulic 
experiments on totally gastrectomized pigs on an average were respec- 
tively 5/4, 4 and 3 — 7 times larger than the doses here employed. 


Experimental Results. 

Group I. 

Clinical Changes. — In both anirnuls Uici'c developed n clirojiic, 
not fatal, morbid condition characterized by marked inhibition of 
growth, pronounced emaciation, minimal changes in the skin 
and hair and moderate changes in the blood picture. On Die 
whole, both animals presented the same changes. 

In one animal (No. 127) the w^eight remained almost unchanged 
during the first 2 % months; during the following month the 
weight increased to ite maximum (8.25 kg.). In liie oilier nnim.al 
(ho. 128) the weight increased from tlie ver}' .start till it reached its 
marnmnm (8.5 kg). It holh animals the maximal weight w.as 
reached at about tlie same time, 3 months alter the opera- 
bo, i. After this the weight kept rail, or nncliangcd; the last weight 
was respectively 7.74 and 7.99 kg. n,c total inerense in lengll 
amounted only to 7 and 3 cm, respectively. Apart from (he firs 

Tei: -rtS^erird 
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scaling; the growth of hair on those areas that were shaved for tlie 
injections was somewhat more slow than normally. • 

At no point of time could changes in the central nervous system 
be noticed clinically; in particular the posture and gait were nor- 
mal. 

Changes in the blood: The hemoglobin percentage decreased 
rather gradually from 71 in both animals to 56 and 49, respec- 
tively. The red blood count decreased primarily from the initial 
values of 4.91 and 4.77 to 3.66 and 3.63 millions respectively; 
and 2 — 3 months later it rose again gradually, reaching finally 
5.96 and 5.63 millions respectively. The color index was initially 
0.72 and 0.74 respectively and terminally 0.47 and 0 44. Tlie 
average diameter of the red blood cells decreased gradually from 
7.08 and 6.73 p. to 6.23 and 5.9 p, terminally; the extreme values 
were reduced by 0.5 p.. The red blood count, which initially was 
respectively 7620 and 7360, showed a slight transitory tendency to 
rise (maximum respectively 9720 and 10480), but otherwise it was 
rather unchanged. 

Also the general condition of the animals was subject to some 
variation. On the whole, however, the animals were lively and 
fond of being caressed. The appetite and defecation were normal 
except for a period of 1 — 2 weeks in the middle of the observation 
period, when the appetite was poor and diarrhea -was present. 

Morphological Changes. — The site of the anastomosis looked 
normal, presenting merely a small atrophic remnant of the gastric 
mncosa that could be demonstrated onty microscopically. In one 
of the animals (No. 128) the proximal part of the duodenal mucosa 
showed considerable infiltration with lymphocytes and plasma 
cells. The organs showed no abnormalities, macroscopic or micro- 
scopic. 

Bone-marrow of vertebrae: Moderate amount of fat cells. 
Femur: Fatty marrow, extremely poor in cells; with rather marked 
oedema (No. 127). Tibia, same findings as in the femur. 

Central nervous system: No histological abnormality revealed 
by the method of examination usually employed in these experi- 
ments (cf. Norgaard, 1942). No degenerative changes could be 
demonstrated in the nerve- ceils and medullary sheaths, nor any 
reaction on the part of the glia — neither in the spinal cord, medulla 
oblongata, brain stem, cerebrum nor cerebellum. 
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Group II. 

Clinical changes. ~ Both animals developed a chronic, non- 
fatal, morbid condition characterized by marked inhibition of 
growth and pronounced emaciation, slight changes in the skin and 
hair, and moderate changes in tlie blood picture. On the whole, 
the changes were alike in the twm animals. 

Tlie AVeight decreased a little during the first month (to 5.46- 
and 4.89 kg respectively); in the following month it rose again to 
maximum (6.25 and 5.7 kg). During the next 8 months tlie Aveight 
kept unchanged, corresponding to the initial values. In the last 
2 34 months the weight decreased a little, being finally 4.94 and 
4.48 kg respectively. The total increase in length amounted only to 
5 cm in either animal. Apart from the first couple of months, the 
animals were rather emaciated throughout the experimental 
period. 

Tlie skin changes were characterized by the appearance of 
a small, thin-haired, later bare, area in the middle of the forehead;, 
subsequently this process extended a little, and similar, sjmame- 
trical changes were observed round the eyes and on the sides of the 
nose. These changes did not appear till about 9 months (No. 131) 
and 10 months (No. 132) after the operation, and then they pro- 
gressed as mentioned; the areas involved were scaling. 

Central nervous system: At no point of time could any changes, 
be noticed clinically; in particular, the posture and gait w^ere nor- 
mal. 


Changes in the blood: The hemoglobin percentage was varying 
slightly between the initial value of 67 and 80, respectively and 
the minimum value of 52 and 47; the terminal value Avas respective!}^ 
56 and 52. The red blood count likewise shoAved moderate Amria- 
tions, differing a little in the two animals. In No. 131 the count 
varied between the initial 5.62 and the minimum value 4.31; the ter- 
minal value Avas 4.47. In No. 132, on the other hand, the red blood 
count varied from the initial 4.3 millions to the maximum 5.89 
and the minimum 4.01; here the terminal count was 5.39 millions 
The c^r index was initially 0,71 and 0.78; terminally 0.58 and 
ao2. me average diameter of the red blood cells decreased rather 
gradually from 7.0 and 7.2 (r to 5.9 and 5,6 jr (about 2 % months. 
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after the operation), whereafter it increased gradually to 6.68 and 
6.4 p, (terminally). The extreme values were reduced by 0.5~^i q 
(X. Tlie white blood count, which initially was 12000 and 12900 
increased somewhat during the first 4 months to the maxiuinm 
values of 20640 and 15320 respectively; subsequently it decreased 
again to the terminal values of 10400 and 11420. 

As to the symptoms, the inhibition of growth and emaciation 
were rather stationary, -svhereas the hair changes were slightly 
progressive, and the blood changes slightly varying. The general 
condition w^as good throughout the experimental period, the ani- 
mals being lively, watchful and fond of being caressed. The appe- 
tite and defecation were constantly normal. 

Morphological Changes. — The site of the anastomosis ap- 
peared normal, wth a slight atrophic remnant of gastric mucosa 
which could be demonstrated only microscopically. Sections from 
the proximal part of the duodenum showed considerable infiltra- 
tion with lymphoc^dies and moderate infiltration with plasma 
cells in one of the animals (No. 132). Tlie organs showed no macro- 
scopic or microscopic changes. 

Bone-marrow of vertebrae: Slight increase in the fat cells 
(-f slight oedema). Femur: Moderate (No. 131) and considerable 
(No. 132) amount of cells (-f slight oedema). Tibia: Fatty marrow, 
almost free from cells (-|- pronounced oedema (No. 131) and minimal 
oedema (No. 132)]. 

Central ner\"ous system: In No. 131 the sites of choice of the 
gastroprival changes in the central nervous system — the medulla 
oblongata and the brain stem at the level of the corpora quadrige- 
mina, especially ventrally, among the medium-sized and small 
nerve-cells — showed some sclerotic cells and moderate microglia 
reaction, together with a few medium-sized nerve-cells undergoing 
changes as in »Nissrs primarj’^ irritation». In the cerebellum a few 
Purkinje cells were light-staining, swollen and vacuolized. The 
other examined parts of the central nervous system presented jio 
abnormality. In No. 132 no abnormality wms demonstrated. 

JRecapitulation. 

In 4 pups the entire stomach -f the proximal 2 cm of the duo- 
denum (the Brunner gland area) rvas removed, whereafter the 
animals were given continuous preventive parenteral treatment 
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with vitamin Bj + lactoflavin + nicotinic acid amid + vitamin 
Bg (Group I) or with vitamin Bg alone (Group II). The period of 
treatment was 202 days (Group I) and 384 days (Group II), the total 
observation period respectively 212 and 384 days. The total dose 
of vitamin B per animal was respectively 10 and 40 eg. 

Clinically, in all the treated animals there developed a chronic 
non-fatal morbid condition characterized by inhibition of growth, 
emaciation, scanty and limited symmetrical changes in the skin 
and hair, together with the following changes in the blood picture; 
a moderate fall in hemoglobin percentage, varying red blood 
count (more often a little increased terminally) and microcytosis. 
The organs appeared normal, in particular no Jnicroscopic patholo- 
gical changes in the digestive canal. The bone-marrow in Group II 
was slightly h 3 'perplastic. The central nenmus S 3 ’'stcm showed 
slight degenerative changes in one animal (No. 131) but appeared 
normal in the remaining three animals. 


Effect of the Vitamin Therapy on the Experimental Gastroprivol 

Pellagra. 

On comparison of the clinical picture presented by the above- 
mentioned pups with the features of untreated gastroprival iiellagra 
in the same species as previously described by us, an expression is 

obtamed or the thcrapculic effect of the vilaminsBeranloyedo., 
this morbid condition. ^ ^ 

PeJtZwd "fr 

trecLvTi f oooslnnlly after 

batf a 

morpl,„I„giealt";';^7“’ '"'"-I very severe 

tbe blood picture (most oKon oTtbf staph 

^ith constant microcytosisl nnri i B 13^110 logclher 

oedema) of the bone-marrow' (-f h3^)eremia and 

differs in seveL "Tsplls^rom' tTm”^f ’ 

pellagra. Thus, in the nrst-rneniionJl ,^^^^^^^ gastroprival 

^ — Ada med. scandtnav. y,, axvu' ^««‘^l<'^ntly 
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Fig. 1. Untreated gastroprival pellagra (No. 53). (Petri, 1937). Observation 
period 6 montlis. Photo taken on the day before the death of the animal. 


appeared in a much milder form; it was stationary or slightly varying, 
but not fatal (with an observation period of 7 and 12 % months, 
respectively). 

The skin and hair changes occurred only in a slight degree, 
limited exclusively to the initial localization characteristic of un- 
treated gastroprival pellagra (round the eyes, on the forehead and 
on the sides of the nose). The red blood count showed more often a 
slight terminal increase than a slight fall, whereas the hemoglobin 
percentage constantly was lowered moderately. 

Clinical changes in the central nervous system did not occur, 
and microscopic changes were seen only in one animal (slight 
degree). 

On the other hand, in spite of the treatment, the emaciation 
was rather marked, but not extreme; and the inhibition of growth, 
together with the microcytosis, was completely unaffected by the 
treatment. The cell content of the bone-marrow was normal in 
Group I, while the marrow was moderately hyperplastic in Group 
ri; both groups showed a varying degree of oedema of the bone- 
marrow. 

Thus preventive, parenteral, protracted treatment of totally gas- 
trectomized pups with all the vitamins Bq or with vitamin B alone has 
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Fig. 2. Gastroprival pellagra treated witli alone, preventively' (intraimiscn- 
lar injection). No. 131 (= No. 132). Observation period 12 7, nionUis, I criod 
of treatment 12 months. PJioto taken 5 d.ays before the animal was killed. 


exerted a pronounced effect on the experimental gastroprival symptom 
complex, especially as far as the changes in the skin, hair and 
central nervous system are concerned. 

The clinical features were the same in the individual animals 
within each group, but the two groups showed minor differences in 
the degree of the symptoms. Thus the treatment wth all the vita- 
mins B appears to have had a little more favorable effect as to the 
inhibition of growth, the skin and hair changes and the decrease in 
the red blood count; on the other hand, in this group the microcytosis 
was rather more pronounced (but with less dispersion of the values), 
and the general condition was more variable, associated vdth period- 
ical diarrhea, than in the group treated with vitamin B,. alone. 

Morphologically the animals in Group II differed only with 
regard to the slight changes in the central iicrAmus system; and the 
two experimental groups differed only in the features of the bone- 
marrow. 


Comments. 

Finally the question arises as to what contribution these exper- 
iments make to the elucidation of the causation of the experimental 
gastroprml (endogenous) pellagra and the mode of action of vita- 
min Bp in the organism. 
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With the experimental technique liere employed and in view 
the fundamental similarity between the clinical features of all the 
animals treated, the therapeutic effect must essentially be ascrib^ 
able to vitamin Bg. It may be, however, that in the combined 
treatment the other vitamins may liave a supplementary favorable 
effect on a couple of the symptoms. 

The prevention of the degenerative changes in the central 
nervous system is ascribable to vitamin Bg alone. In gastrecto- 
nuzed pups, presumably the preventive dose required for this effect 
will be betYveen 60 and 90 y per hg per day (cf. p. 93, Fonts and 
collaborators). Wlien, in spite of the protracted treatment, one 
animal (in Group 11) still has presented slight microscopic changes 
in the central nervous system, it might be due to various factors. 
In this connection, however, it is only reasonable to attach more 
importance to the fully positive result of the treatment as far as 
the central nervous aj’^stem is concerned in the. other animal within 
the same group. In particular the long duration of the e.xperiment 
has to be taken into consideration as compared to the far more 
severe character and the more rapid, spontaneously fatal, course of 
untreated gastroprival pellagra. 

Vitamin Be has played a predominant role also in counteracting 
the other symptoms amenable to treatment (skin and hair chan- 
ges, fall in the red blood count). But neither treatment with this 
vitamin alone, nor its combination Yvith the other vitamins B 
has been able completely to prevent the appearance of these symp- 
toms. So, as far as these symptoms are concerned, either the dose 
of vitamin Bghere employed has been too small (x. e., it then ought 
to be oY'^er 140 — 175 y per kg per day), or the gastroprival pella- 
grous symptom complex lias to be looked upon etiologically as a 
plurality. The presence of the latter possibility is evident from the 
fact that in both experimental groups some of the symptoms 
remained therapeutically refractory, namely: inhibition of growth, 
emaciation and microcytosis. 

Our therapeutic experiments have made it practicable from the 
specific neurocuiancous symptom complex {experimental gastroprival 
pellagra) to separate a group of symptoms representing eniirelg or 
in part the clinical stale of viiamin Bq deficiency. 

According to Pouts, Helmer & Lepkovsky (& Jukes), a vita- 
min Bg-free diet produces in dogs a morbid condition that is charac- 
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terized especially by microcytic hypochromic anemia and changes 
in the nervous system (general convulsions, muscular spasms, epi- 
leptic attacks), besides inhibition of growth, fatty degeneration of 
the liver and hyperplasia of the spleen and bone marrow; but 
microscopic examination of the central nervous system appears not 
to have been made. [In rats this diet induces, attiong others, 
characteristic symmetrical loss of hair and dermatitis, localized 
especially to the paws, nose and ears (acrodynia) and epilepti- 
form attacks (Eddy & Dalldorf).] 

Within the gastroprival symptom complex, as mentioned be- 
fore, vitamin counteracts only — and a little inconstantly 
the fall in the red blood count, but neither the decrease in the 
hemoglobin percentage nor the microcytosis. Further, the gastro- 
prival changes in the central nervous system — the appearance of 
which was prevented entirely by vitamin Bg in 3 out of 4 cases — are 
clinically and morphologically of severe degenerative character 
whereas epileptic attacks have never been observed. 

So even in the same species — the dog — there is a clinical con- 
trast between two groups of symptoms of exogenous and endogen- 
ous nature respectively, both amenable to treatment with vitamin 

Bg. 

Our previous therapeutic experiments on gastrectomized pigs 
showed that vitamin as well as lactoflavin and nicotinic acid are 
ineffective against the gastroprival ncurocutancous s^mijitom com- 
plex. Tliis observation forms a contrast to the experiences from the 
clinic and from the experimental conditions of exogenous vitamin 
B deficiency. In our experiments, on the other hand, nicotinic acid 
had a pronounced effect on the pellagrous state of the animals 


when the part of the stomach (cardia -f fundus) was not included 
in the resection. The therapeutic experiments here reported 
have established that vitannn Bg exerts its iherctpeulic effect 
independently of the stomach, i. c., independently of the specific 
antipellagrous factor attributed by us to the stomach. Thus 
vitamin Bg differs from other vitamins B in being able dircclbj 
to counteract the appearance of tlic clcgcneralivcpcilogrousclianscs 
w the central neroous system. Accordingly, vitamin B, inav 
he designated as the specific antimyelopatbin. 

According to our latest investigations published ( 1942 , 19431 
eective total resection of the fundus produces in pigs the same 
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severe pellagrous changes in the central nervous sj'stenx as does 
total gastrectomy. So the fundus is primarily decisive of the appear- 
ance of these changes. On correlation of this obsen^ation 
the effect of vitamin BgOn the changes in the central nervous sys- 
tem in totally gastrectomized pups, it seems reasonable to assign 
an important role to the fundus as to the behavior of vitamin in ihe 
organism. Then, whether vitamin B,. is liberated or formed from 
the food through the function of the fundus, or whether the absorp- 
tion of this vitamin directly or indirectly is dependent upon the 
presence of this part of the stomach will have to be left an open 
question. 


Summary. 

The symptoms of experimental gastroprival pellagra (= the 
neurocutaneous symptom, complex) are influenced strikingly by 
parenteral preventive treatment with vitamin Bg, the clinical 
features being constantly mitigated and qualitatively altered by 
this therapy. Tims, administration of vitamin Bg was able in 3 
out of 4 experimental animals to prevent — nndJn the fourth 
animal strongly to inhibit — the appearance of the degenerative 
changes in the central nervous system, reduce considerably the 
skin and hair changes and also, in most of the cases, the fall in the 
red blood count. On the other hand, the vitamin Bg therapy had no 
effect on the inhibition of growth, emaciation, fall in the hemo- 
globin percentage and microcytosis. , . 

Administration of the other vitamins B together with Bg has, at 
the most, a slight supplementary therapeutic effect on a couple of 
the symptoms. 

Accordingly, vitamin Bg has to be characterized as the only one 
of the vitamins B investigated so far by us (vitamin Bj, nicotinic 
acid and lactoflavin) which by itself alone exerts a distinct thera- 
peutic effect on experimental gastroprival pellagra, i. e., exerts its 
effect independently of the stomach. 

Vitamin Bgis taken to be the specific substance counteracting 
directly the appearance of endogenous myelopathy (sspecific anti- 
myelopathin))). 

On comparison of the results of our previous experimental 
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studies with the present, it is evident that the fundus must be of 
significance to the beliavior of vitamin Bg in the organism'. 

Hie present experiments indicate that the gastroprival neuro- 
cutaneous symptom complex constitutes an etiological plurality 
in which vitamin Bg deficiency is the most essential cause. 
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Introduction. 

Our knowledge of the normal and pathological function of the 
specific conduction system of the heart is almost entirely due to 
electrocardiographic studies. And, as a matter of fact, in by far 
the greater numljer of cases disturbances in the function of the 
conduction system only manifest tljemselves iwth certainty in 
electrocardiography. 

Tlie disorders which come into question are reduced or abo- 
lished conduction in parts of the system as well as a stimulus con- 
duction along paths where the conduction usually takes place in 
another way as regards time and direction. The latter pheno- 
menon will often be a result of the former. 

Normally the conduction system has not the same power of con- 
duction at all times, its function in itself causing a variation. This 
is revealed in the absolute and the relative refractory period cor- 
responding to an entirely abolished and a delayed conduction res- 
pectively. At normal physiological frequencies it is of no signifi- 
cance for the aspect of the auricular and ventricular complexes, 
that is to say, no change occurs in these with rising or falling fre- 
quencies. As far as the terminal complexes are concerned there may, 
however, be found small changes at increased action of the heart. 
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In all instances this is partly due to conduction phenontena. The 
aspect of the initial complex is in the first place determined by the 
fuLtion of the conduction system and m less degree by that of the 
heart muscles proper, while the terminal complexes are also af- 


fected by changes in the latter (25). 

Tlie elucidation of the nature of the conduction disturbances 

has especially taken place through the study of the conduction 
conditions between the auricles and ventricles through the auricu- 
loventricular fascicle, the latter being the only connection between 
these sections of the heart, which renders conditions relatively 
simple. The diagnosis and classification of the conduction dis- 
turbances in the auricles and ventricles, which is of great interest, 
meets Awth considerably greater difficulties for the following 
reasons: 1) The diffusion of the conduction s 3 ^stem is much more 
scattered, ramification and anastomosing much more pronounced 
than in the narrow connection between the auricles and ventricles 
(15, 19). 2) The specific conduction sj'stem is not the only one 
possessing the power of conduction, for the ordinary heart muscles 
will also conduct impulses, though at a much slower rate. It is 
said to be as 1 to 10 compared with that of the specific conduction 
system. According to recent investigations the rate of conduction 
in the ordinary muscles of the heart is, however, perhaps some- 
what higher than was first supposed (25). 

As already indicated, conduction disturbances arc due to entire 
or partial blocking of the paths of conduction. It will therefore 
be convenient as a starting point for the study of the intraven- 
tricular conduction disturbances to divide these into the forms of 
block known from the auriculoventricular bundle. These arc; 1) 
A— V block of the first order where the conduction from auricles 


to ventricles is delayed, but in which all impulses are conducted. 
The conduction time may vaiy. 2) A— V block of tlie second order! 
wliere some of the impulses are not conducted- to the ventricles 
one or several beats dropping out This may happen either in con- 
necton with a gradual lengthening of the conduction time up to 
entire blocking, or by constant conduction time for those impulses 
which are conducted, and results in ventricular contraction fn 
this way arise the hvo forms of blocking of the second order which 
are termed Type I (Wenckebach) and Typo II (Mohitz). 3) A-V 
block of the third order, complete block in contrast ith the U 
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preceding incomplete blocks. Here there is a complete separation 
between auricles and ventricles as far as the conduction of impulses 
is concerned. 

This division is based on experimental investigations on ani- 
mal hearts as also on clinical pathologico-anatomical investigations 
on human subjects and an excellent agreement has been found 
between the various findings. The same possibilities .of explaining 
the mechanism of intraventricular block are of course also present 
but for the above-mentioned reasons the observations are con- 
siderably more difficult to interpret. To this must be added the fact 
that the localisation of the intraventricular block is of great signi- 
ficance for the form of the electrocardiogram. 

Previous investigations and reports. 

At first the blocldng of the main branch of the conduction 
system to each of the ventricles attracted attention, and the cri- 
teria for these were established. Later on views on the blocking 
of the ramifications were developed, where the block phenomena 
Avere assigned to the finest ramifications of the Purldnje fibres. 
These two types of intraventricular block are both characterised by 
a QRS which is vdder than usual, namely at least 0.10 second. 
According to the »Nomenclature and Criteria for Diagnosis of 
Diseases of the Heart)) (21) which K. Larsen & Skulason (24) also 
accept, one must even demand duration of 0.12 second or more. 
The bundle branch bloclcs show large deflections while in contrast 
herewith arborization blocks have very small deflections, the 
amplitude being below 0.4 — 0.5 mV. 

The bundle branch blocks are actually in a number of cases due 
to blocking of one of the main branches caused by a small cir- 
cumscript process; but in other cases widespread changes in the 
ventricles must be taken into account, with predominant locali- 
sation on one side. This fact perhaps explains the rather consider- 
able difference (23) there is in the prognosis for this form of block- 
ing. Of recent years some reserve has been shown with regard to the 
localisation diagnosis of branch blocks and they are merely divided 
into types according to the form of the electrocardiogram (Wilson, 
Bayley 20). 

As far as the arboriziation blocks are concerned the changes 
are always widespread. 
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mUe blocks Avith the above-mentioned localisation and exten- 
sion give typical electrocardiographic changes it is otherwise witli 
the other intraventricular blocks. For frequently such disturbances 
of conduction will not produce changes in the electrocardiogram so 
large that they exceed the normal range of variations. Notching, 
slurring, and nodes in the initial complex which might suggest 
intraventricular disturbances in conduction are not considered to 
be of any great diagnostic value (24). Of greater importance are 
perhaps complexes resembling those found in bundle branch block 
but which do not reach or exceed the duration required for the 
diagnosis of the two above-mentioned types of intraventricular 
block, transitions to these being seen (25). Occasionally it is posses- 
ible in such instances to get (]RS complexes in precordial leads with 
an amplitude of over 0.10 — 0.12 second, while this is not the case in 
the normal leads from the extremities (23). We then speak of a 
localised block, since it is supposed only to manifest itself in leads 
from areas which lie near the place in the ventricular wall where 
the block is. Besides in these instances there is under special cir- 
cumstances a chance of diagnosing an intraventricular block, 
namely when the block changes. This occurs when one has elec- 
trocardiograms from various points of time vith differences in the 
complexes, especially as regards the duration of the initial com- 
plexes. In one and the same electrocardiogram, block can be 
diagnosed when the blocking is constantly changing, that is to say, 
with a block of the second order, or perhaps with a block of the first 


order with varying time of conduction. On the other hand, a 
block of the first order with a constant delay in conduction, and a 
block of the third order cannot be safely diagnosed and, moreover, 
cannot be distinguished from each other, amongst other things on 
account of the power of conduction of the ordinary heart muscles, 
which only allow of small delays in the conduction of the stimulus! 
A block of the second order will show in the electrocardiogram by 
the indiscriminate occurrence of complexes of different aspects 
though they have arisen in the same manner, as can be established 
from the situation and form of the P waves. 


Some of the first observations of such complexes were made 
y Lewis (1) who found them in the supraventricular cxtrasystoles, 
w ere o heiroe as a rule the same ventricular complexes are met 
TOth.as in the norma! beats. He found similar deviations in cases 
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of tacliycarclia. In later works (2, 3) lie described tlie plienomenon 
both on experimental and clinical cases and proposed the term 
»abcrrant complexes)). It was observed that the changes were gre- 
atest in the complexes which followed most closely upon the nor- 
mal ones. Tlicy were explained on the assumption of a difference 
in the time of restitution in the two main branches of the ventricu- 
lar conduction apparatus. Kahn (4), Carter (6), Wilson (7), and 
Lutembachcr (19) have likewise studied these phenomena and have 
arrived at similar results. 

In the course of time several such cases have been described, 
and investigators have become more inclined to see in them some- 
thing that comes within the range of the normal, caused by a nor- 
mal relativel}' refractory period. Pardee (26) has advanced the view 
that an auricular impulse arising in an abnormal place enters into 
the auriculoventricuiar node in another place than the normal one 
and also leaves it in an abnormal place. This is sup])Oscd to give 
rise to a deviation in ventricular conduction which causes an 
aberrant complex. This might explain the aberration in some 
cases of extrasystolc and tach 3 ’'cardia of supraventricular origin. 
It must be added that the second beat after a pause has proved 
alwa 3 ’'s to be less well conducted that the succeeding ones, even 
though the distance between these is not greater than between 
the first and the second beat (25). An extras 3 mtole, as we know, 
■will ahvays represent such a )>second beat». 

The deviations from the normal complexes here in question are, 
hoAvever, all on the wliole small, and there can hardly be any doubt 
that a number of cases with marked] 3 ’^ aberrant complexes in supra- 
ventricular cxtrasystolcs which do not occur vcr 3 ' early after a 
normal beat are due to an abnormall 3 '’ long, relatively refractory 
period, that is to sa 3 % a block of the first order or perhaps a tempo- 
rary complete block, a block of the second order (1, 19, 23). 

Outside cxtrasystolcs and tachycardia too, a number of aber- 
rant ventricular complexes have been reported, both occurring 
spontancousl 3 ' and produced experimental^, for instance by 
sinus or bulb pressure, atropinisation, and other medicamental 
effects. Here the 2; 1 branch block, which, how'ever, does not in 
principle differ from other forms of intraventricular block, bns 
especially attracted attention. It has been described in most 
detail by Winterberg, Wenckebach & Winterberg (14), Leinbach Sc 
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I'ig. 1. Cnsc I. Tlic clcclrocardiograin shows in the three leads various com- 
plexes due to an intraventricular block of the second order. The complexes 

arc denoted A, B and 12. 

Case I (Fig. 1). 

2 (3) kinds of ventricular complexes occur in every lead. The action is 
very irregular and it is not possible to distinguish with certainty the one 
form of the extrasystoles and the other form of the ordinary complex. In 
all leads P — Q is about 0.15 — 0.16 second. The P waves in 11 and III are 
somewhat variable, especially as regards height but, it would seem, bear no 
definite relation to the two forms of ventricular complexes. The size of 
P — Q shows that all the ventricular complexes are elicited from the 
auricles. 

If we term the two kinds of ventricular complexes A and B, the QRS 
of A I is found to be 0.08 second, that of B I 0.09 second. It is not possible, 
however, to decide witli certainly the correlation between the A and B 
complexes in I and the A and B complexes of the other leads. In the deno- 
tation account has been taken of the aspect of the terminal complexes. 

The QRS of A II is diphasic 0.11 second, T being large and positive, 
while the QRS of B II is 0.11 second monophasic with notching of the 
descending part, S — T below the isoelectric line, T diphasic. Finally the 
complex B II is a somewhat modified A II as a result of its coming in the 
relatively refractory period after the previous A. E I, on the other hand, 
is more probably a ventricular exlrasystolc. In A III the QRS is diphasic 
0.11 second. B III is monophasic, QRS 0.11 second. As to S — ^T and T, 
similar conditions apply to both complexes as to A II and B II. 

The electrocardiogram is derived from a man aged 77 who died of can- 
cer venlriculi. He had symptoms of a peripheral arteriosclerosis, blood 
pressure 200/85, but no other clinical symptoms of circulatorj’’ affections. 
No treatment with digitalis. Section showed: Hj'pertrophy of the left 
ventricle, severe sclerosis of the coronary arteries which were in partim- 
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passible The myocardium in places somewhat pale without actual intarc- 

larger branch of the conduction u . . ^ borderline 

>>.0 

which must be regarded as mormals, namely A, a left-sided prepon 
the wide QRS cannot quite simply be taken as a sign of blocking. 

B complexes, however, resemble those seen in concordant forms of branch 
block The block cannot occur as a result of a normal refractory period, 
since the time interval by far exceeds this. Furthermore the abnormid 
complexes (B) do not always appear after shorter intervals than the normal 
complexes (A). Only B II must, as previously stated, be supposed to have 
, appeared in this way. 

Hence we have here an intraventricular block of the second order. 



Fig. 2, Case II. The eleclrocardiogram shows in lead II two types of com- 
plexes seemingly depending of the interval between the cycles. The complexes 

arc denoied A and 13. 


Case 11. 


Electrocardiograms from this patient taken in the course of 3 — 4 
months showed a very irregular action Avhich was partly duo to an aphnsic 
sinus arrhytmia, now and then probably with sinuauricular block, partly 
to the occurrence of supraventricular cxtrasystoles. The absence of con- 
stant P— P intervals often renders it difficult to ascertain of wlial kind 
the complex is in each single case. This is, however, of less importance for 
the explanation of the phenomenon that the initial complexes vary a good 
deal, so that the variations bear a certain relation to the length of the pause 
which precedes the beat. 

As a rough characterisation of the initial complexes it may be said that 
in lead I they are monophasic upright, plump, with slight notching. In 
leads n Md III there are R ivaves of fairly normal appearance and dura- 
men, while the S waves here are plump and .wdde in most complexes Tlie 
T waves are negative in III, 


Fig. 2 shows lead II of the electrocardiogram of the 9/4 rjs p n ,v 

S A A S “'“‘itulos 0.0S second. 

Iween 0.48 aM o ^ comptecs tiiiclualcs be- 

and ion wb;.! a cond, corresponding to frequencies between 120 

and s is only just suggested Rliasil ® WS js 0.08 second, 
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complex, is about 1.50 second, which corresponds to a 
frequency of about 40. No P wave can be seen before 
,B, so this initial complex might be regarded as a modal 
escape)), where a minor aberration is not rarely seen as a 
result of the abnormal place of origin of the stimulus. 
The P waves, however, are not seen, either, before any 
of the other complexes in this lead, while they are 
distinct enough in other electrocardiograms which shoAv 
the same conditions as those just mentioned, e. g. in 
fig. 3. The electrocardiogram dates from the 14/5 43. 
Here too we have lead II. Here the A complexes have 
; duration of 0.11 — 0.12 second against the 0.09 — 0.10 
second of the B complexes. The corresponding S waves 
are 0.4 mV and 0.2 — 0.3 mV. The distance between 
B and A corresponds to a frequency of 60 — 70, while 
between the B complexes the distance answers to a 
frequency of 40 — 50. Quite similar conditions are 
found in the other electrocardiograms taken. From 
considerations of space only lead II is shoAvn. Intra- 
venous injection of 2 mg atropine sulphate caused a 
tachycardia of about 100 — HO AArith complexes of the A 
type; sinus pressure elicited a small attack of convulsion 
so that the electrocardiogram was a failure. • ■ 

The electrocardiograms are derived from a woman 
aged 72, who had a complete right-sided hemiparesis 
with aphasia. Blood pressure 120/70 — 95/50. Stetho- 
scopy of the lungs showed nothing abnormal. In the 
clinical examination the heart was not enlarged. No 
sign of circulatory insufficiency. 

The variations in the initial complex may be inter- 
preted as the result of a relatively refractory period 
which far exceeds the normal. The connection with the 
pause preceding the beat favours the assumption that 
there is not a complete interruption but an incomplete 
block of the first order. Similarly A — Y block of the 
first order shows a variation in the lime of conduc ion 
depending on the frequency. The form of the com- 
plexes in leads I and II Avould seem to shoAv thatAve 
are here confronted Avith a transition form to a bundle 
branch block of »the ordinary type», if the electrocardio- 
gram can be associated with bundle branch block at all. 

Case III. 

The characteristic feature of this electrocardiogram 
(fig. 4) is the occur, ence of two different forms of ven- 
tricular complexes Avhich alternate quite regularl}'. The 
P waves are of the same shape and P — Qofthesamesize, 



Fifl. 3. Casc II. Load 11 from an electrocardiogram 5 weeks later sliows still more distinctly two type.s of complc.xes 
depending of tlie Interval between the cyclc.s. Tims we have an incomplete block of Ihc first order. 




Fig. 4. Case III. In all three leads the complexes A and B alternate rcplarly 
due to intraventricular conduction disturbances. Thus \vc have a 2; l.bloeK in 
a part oi the intraventricular conduction system. 



Fig. 3. Case III. Here the complexes are identical owing to complete blocking 
after treatment with digitalis. 


about 0.16 second. The distance bettveen the complexes is such that there 
must be a sinus rhythm. The A complexes have a somewhat plump S II, 
while there is no S in the B complexes in this lead. In load III the A com- 
plexes have an S of 1.2 mV, while the B complexes are about 0.9 mV. The 
R wave is a bit wider and somewhat more notched in the B complexes than 
in the A complexes. The duration of QRS is around 0.09 second. S— -T 
is depressed and bent downward in leads I and II where T is diphasic. This 
is most pronounced in the B complexes. T III is low but positive in A, in 
B it is isoelectric. 

An electrocardiogram taken two days later show's the same forms of 
ventricular complexes, with only a few of the B lype. The electrocardio- 
gram shows left-sided preponderance. 

Tabl. fol. dig. 1x3 was now administered to the patient for some 
days, after which only B complexes appeared. At the same time the 
depression of S— T became somewhat more pronounced (fig, 5 ). Sinus 
pressure and injection of 2 mg atropine sulphate altered nolhingin these 


The electrocardiograms are from a Avomen aged 78 avIio like the nre 

Wf 1 “7'"" T "o’lK, 

« Ada med. scandinav. Val. CKVIL ’ 
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even after a cumulative effect of the digitalis must be supposed to have 
ceased. Hence we are here faced with a 2; 1 block in a part of the intra 
ventricular conduction system. An electrocardiogram (not shown) exhibits 
a minor degree of blocldng and after treatment with digitalis the block 
becomes complete (block of the third • rder). Though, as previously stated 
it may also be regarded as a block of the first order. The difference in S— T 
in the two kinds of complexes may also be connected with conduction dis- 
turbances. 


Discussion. 

I^rom anatomical and pathologico-anatomical points of view it 
miglit be expected that blocking of the paths of conduction in the 
ventricles must be frequent phenomena, even though the conduc- 
tion system perhaps is better protected against harmful influences 
than the heart muscles proper, amongst other things by the greater 
possibilities of blood supply (17). As previously mentioned, apart 
from bundle branch and arborization block, intraventricular block 
is rarely diagnosed, and this is due to the fact that the areas which 
arc affected by conduction disturbances often have a localisation 
and extension which do not give rise to sure pathological changes in 
the electrocardiogram. The incomplete intraventricular blocks, too, 
are rarely noticed but this is not explained, either, by simply assum- 
ing that they seldom occur, if the relative frequency with which 
they appear among the A — V blocks is taken into account. Perhaps, 
a number of them escape attention when they occur in extrasystoles, 
the complexes being erroneously taken to be of ventricular origin 
on account of their aberration. Tlris is especially the case when 
the P waves are indistinct. Conversely it must of course be ascer- 
tained whether the P — Q iner\mls have a length warranting the 
conclusion that the Pwavc and the ventricular complex are of one 
set, that is to say, that P — Q exceeds 0.12 second and does notvary. 
Finally the diagnosis of intraventricular block may be impossible 
because blocks with a suitable different localisation may cancel 
each other’s effect on the electrocardiogram (liVinterberg & Roth- 
herger cit. 25). 

A consideration of the anatomical conditions in conjunction 
with the view according to which the conduction in the specific 
muscle system is auxomerous (5) will explain the above-mentioned 
phenomena. That the conduction is auxomerous means that the 
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conduction of the stimulus to an area takes place normally as long 
as there is merely one fibre to this which is intact. Hence no chan- 
take place in the electrocardiogram under these circumstances. 


ges 


either. 

By means of a couple of diagrams in which the conduction sys- 
tem with anastomoses is sketched it will easily be seen that block- 
ing of a single fibre, for instance at the point P, even if it constantly 
changes, will not give rise to any changes in the electrocardiogram 
owing to the numerous almost equal possibilities of conduction 
when P is among the finer ramifications (fig. 6). Further, it wall 
be seen from this figure in which the hatched area denotes com- 
plete blocking but of a size that does not give rise to sure patholo- 
gical changes, that incomplete blocks of the fibres in the vicinity of 
this area need not, either, give rise to changes in the electrocardio- 
gram, since the stimulus is not compelled to go by widely devious 
ways in order to get to point A. In fig. 7 both the hatclicd areas 
are supposed to be completel}'' blocked so that only a single path L 
can pass between them. The size of the areas thus presupposes 
that each of them separately docs not give rise to sure pathological 
changes in the electrocardiogram as long as L is intact. If, however, 
L is now blocked the stimulus will be considerably delayed on its 
way to A, which will elicit a ventricular complex of another 
appearance than those usually occurring, tha is to say, an aberrant 
complex. 

Such combinations, however, are not common, for anatomical 
reasons, as is easy to see. TJie same experience has been gained 
from animal experiments where it lias been attempted to produce 
incomplete blocks. Tims for instance Stenslrom, in tlie above- 
mentioned works only succeeded in evoking the desired changes 
in a very few of his experiments, in spile of an excellent leclmique 
This view is supported by patbologico-anatomical obsciwaiions 
( - ) showing that many scattered processes may be found in 

t ie myocardium without any cacntial changes appearing i„ the 
electrocardiogram, as also by the fact that in cases where block 
has occurred just before death only old scars have been found 
The fresh process causing the final block only need have a verv 
smau extension so that there is nothing strange in the occurrence of 

traces (2d). A microscopical demonstration meets with very 
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Fig. 6. 



The figures show 
its anastomoses. 


Fig. 7. 

naticallv the distribution of the conduction 
hatched areas denote complete blocking, 
planation in text. 


system and 
Further ex- 
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great difficulties when tliere is only a very defective approximate 

localisation to go by. . . . ^ + • lo,. 

Tlie significance of the demonstration of an intrayentncmar 

block is not in the existence of the block in itself, but in tbc fact 
that in such cases it is known that there is an organic affection of 
the heart, if intoxications with digitalis and quinidine can be ex- 
cluded. In these instances the blocks are stated to be benign (23). 

In the cases reported no effect of the vagus nerve on tlie pheno- 
mena has been demonstrated. In many of the previous investiga- 
tions the view has been advanced that the vagus function had a 
bearing on the occurrence of aberrant complexes (6, 7, 13), so 
that both increased and reduced vagus tonus should be able to 


elicit these abnormalities. Several investigators (7, 8) state, 
however, that changes in the vagus tonus can only lead to abnor- 
mal complexes when tliere is already a latent conduction disturb- 
ance. Others have not been able to influence the phenomena by 
means of the vagus (22). 

Some recent investigations go against the supposition that 
the vagus effect on the heart should extend any farther than to 
the auriculoventricular node, as vagus fibres have not been found 
further than up to that point, just as unamliiguous proofs that 
vagotonica and vagodepressive substances affect the function of 
the ventricles are lacking (9, 15). In animal experiments electrical 
stimulation of the vagus nerve does not give rise to changes in tlie 
initial complex (18). Falling away or partial falling away of the 
vagus tonus, on the other hand, by causing a more rapid action of 
the heart may produce aberrant complexes under certain circum- 
stances, vithout it being necessary to assume a direct effect on the 
conduction system of the ventricles. 


Several investigators, amongst others Stenstrom, have stated 
that digitalis might evoke intraventricular block. In one of the 
cases reported here treatment with digitalis caused an increase of the 
Mock .Wch persisted for several montl.s after the adminisLllon 
of digitalis had been discontinued. Tliis would seem to show that 
digitalis, even in therapeutic doses, may cause very deep-goinn 

changed (21““^ 


me cause of the intraventricular conduction disturbances in 
the above-described cases is probably to be found in changes caused 
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by sclerotic processes in the vessels supplying the conduction appa- 
ralus. This agrees witli what applies to branch and ramification 
block in the age classes in question and the findings at post mortem 
in the one case where such are available. In this connection it may 
be mentioned that some of the first animal experiments that led to 
the occurrence of aberrant complexes consisted in ligation of 
branches of the coronary arteries. 


Summary. 

A general view is given of intraventricular conduction disturb- 
ances with special reference to the mechanism in tljc occurrence of 
incomplete intraventricular blocks. Tlicir relative rareness is point- 
ed out and it is allemplcd to explain these peculiarities on the basis 
of the anatomical conditions of the conduction apparatus and the 
assumption of an auxomcrous mode of conduction. 

Electrocardiograms from 3 persons in the age-class 70—80 
sers'c as the starting point. The changes in the electrocardiograms 
are interpreted as incomplete intraventricular block. 

llie cause of the pathological phenomena is assumed to be 
sclerotic changes in the arteries of the heart. The conditions essen- 
tial to a possible vagus effect are briefly discussed. 
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Purpose of the artificial kidney. 

In the treatment of patients suffering from uremia resulting 
from renal insufficiency our first attempt will be, where we cannot 
remove the cause of this insufficiency, to restrict the formation 
of endproducts that have to he excreted by the kidney hy giving 
a diet containing little albumen. Next we make all extrarcnal 
factors influencing the secretion of urine as favourable as 
possible. We regulate the absorption of water, we control the 
composition of the blood and supply sodiumcbloride as this is 
lost by vomiting. We give alkali in the case of acidosis, and so 
on. Furthermore we try to aid the circulation as much as possible 
by removing troublesome exsudates, etc. 

If in spite of all these efforts the secretion of urine should 
remain insufficient, so that the endproducts of metabolism accu- 
mulate more and more in the organism, the urea percentage of the 
blood rises and the uremia gets more and more serious, we have 
come to the end of our resources. 

9 — Ac/a med. scandinav. Vol. CXVII, 
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Fig. 1, A cellophane lube has been wound spirally round an aluminium 
cylinder. The blood within the cellophane always sinks to the lowest point. 
■Wlien the drum is rotating the blood moves from left to right. 


Urea and other substances leave the body Avith the sweat, 
vomit and with the feces, and several ways of removing the toxic 
products responsible for the uremia without using the kidneys 
have been tried. However, all attempts at finding a satisfactory 
method have proved a failure. 

All substances excreted by tJie normal kidneys can be dialysed, 
and as all these substances accumulate in the blood in uremia, 
one might try to remove these substances from the blood by dia- 
lysis. For this purpose the blood must be dialysed against a cer- 
tain liquid through a system of tubes or membranes outside the 
body, and then brought back again into the patient’s body. The 



Fig. 2. I. Connection with clialyscr shut off. Burette low: impure blood is 

flowing from the palicnl\s body into the burette. 

n. Tube to patient shut off. Burette high: impure blood is flowing 
from the burette into the dialyser. 

III. Tube to patient shut off. Burette low'; purified blood is flowing 

from the dialyser into the burette. 

IV. Connection with dialyser shut off. Burette high: purified blood 

is flowing from the burette into the patient’s body. 
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blood must be kept liquid by means of a substance preventing 
clotting. If sll substances accumulating in uremia could be suc- 
cesfully removed, a person would be able to live without kidneys, 
in some cases so long till his own kidneys would resume their 
activity. 

In 1912 and 1913 vividialysis was performed on animals by 
Abel, Rowntree and Turner 1) 2). Tbe blood was pressed through 
a system of collodion tubes and subsequently brought back into the 
animal, clotting being prevented by hirudine. 

Necheles (1924) 4) 5) and Haas (1928) 3) used other apparatus; 
the latter has applied vividialysis to human beings as well. Tlie 
capacity was however much too small; in the course of a whole day 
of bloodwashing he could remove only 2 grams of urea. 

In 1938 W. Thalhimer took up the problem again, armed with 
heparine and cellophane tubes. To our regret we do not know 
whether he has achieved a practical solution. 



^ to b;« ™ S' '=y'lnaer 



Fig. 4. Half lateral view. The cellophane lube passes into a rubber tube 
leaving the cylinder by the holIoAV axle, inside which the coupling is fixed after 
having been sterilised together with the tubes. 


phane tube. Tlie next step was the construction of a dialysing- 
apparatus with a small bloodvolume and a membrane large enough 
to rival the human kidney. We calculated that by using cello- 
phane tube 25 mm wide we should need a length of at least 25 to 30 
metres. 

A principal difference between our apparatus and all previous 
ones results from the fact that we have not filled the tube system 
entirely, but that we cause a small quantity of blood to pass through 
a tube which is for the rest empty, so that the ratio area: volume 
gets much more favourable. 

We pass over the various apparatus built in the last few years 
and shall describe only the artificial kidney in use at present. 

The apparatus (fig. 3 and fig. 4) consists of a large horizontal 
cylinder, revolving with its undermost segment in a tank of rinsing 
liquid. 

30 metres of cellophane tube have been wound spirally round 
the cylinder. The blood is in the cellophane tube, which has been 
for the rest evacuated and in which it sinks to the lowest point. 
With the cylinder rotating in the direction of the arrow in figure 
1 the blood moves from left to right, continually seeking the lowest 
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Fig. 5. A rotating coupling. The I.lood-lighl joint is fonneci liy a roUon pack- 
ing being pressed on to the inner lube by means of a screw sockcl. Lalcr on a 
counternul has been fixed on to the screw socket as well. 


point. It leaves the celloplianc lube l>y a rulibcr tube, carried 
througli the hollow axle to the right (fig. 4), and it enters by flowing 
through the hollow axle on the left. In the hollow axle.s the rubber 
tube is interrupted by a rotating coupling (fig- 5). 

Methods of dialysis: 

1. Continuously. The blood may lie let out of one bloodvessel, 
pass through the dtidneye and after diaij'sis lie brouglit back 
into another vessel. 

2. Fradionnaied. The process i.s .shown schematically in figure 
2. A side tube has licen attaclicd to the circuil brandling in two: 
one branch to the patient and the other to a Inirelle. By raising 
or lowering the liurctlc blood may be let into or out of the patient 
and into or out of the dialyser. In following this mctliod only one 
single venapunction is necessary. 

In the tube passing to Ibe patient there is a cellophane window, 
through which may be seen directly whether there exists jiosilive 

or negative pressure and hy means of w’hich one may check if 
blood is floAving. 

niming liqaii. We me 70 to 100 litres of rinsing lin„i,i xvurmed 
>3 a leating element to 37“ — 39“ C, ami clean (hoiigii no) sicrilc, 
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as cellopliane is impermeable to bacteria. To avoid hemolysis the 
addition of glucose was necessary. At present we use the following 
composition: 

NaCl 0.7% 

glucose 1.5 0/^ 

tapwater 97.8 % 

Cleaning and sierilising. All parts coming in contact with blood, 
i. e. tubes, couplings and the cellophane are cleaned thoroughly 
and sterilised. TJiey may be subsequently put together and kept 
filled with a solution of superol. Before use the superol is washed 
out with a-pyrogenic saline solution and all air is expelled 
from the tube. 

Heparinising. At present we apply the following doses: 

At the beginning: 400 mg of heparinc in the ulddney)) 

400 mg » » » » patient (intravenously) 

During dialysis: every half hour 100 mg. 

Results oj an experimental dialgsis. Wlicn dialysing 500 cm® of a 
4.17 °/oo solution of urea 1.68 proves to be still present after 5 
minutes; 2.49®/ooOr 1.24 grams have therefore been excreted by 
dialysis in these first 5 minutes. After continuing the dialysis for 
another 5 minutes 0.57 °/oo proves to be still present. 

The dialysing area of our first kidney amounts to 17,000 square 
ems, and of our second one to 23,000 sq. ems, the total area of the 
human glomeruli being 20,000 sq. ems. 


Palicnl. 

Miss S., single, 29 years of age, consuHcd the ophthalmologist 
(Dr. Keiner) in December 1942 because her sight grew steadily worse. 
There was extensive edema of both papillae with hemorrhages and while 
foci in the retina. Dr. Dhont, specialist for internal diseases in Zwolle, 
found symptoms of a chronic nephritis with uremia: Tension 245/150. 
Urine: isosthenuria, liematuria, 2 — 3 7oo of albumen. Urea percentage 
of the blood 110 mg %. 

Under general treatment the urea percentage of the blood sank to 
75 mg %, but on the 1st of March she had to be taken to hospital again. 
She vomited almost daily and her state grew worse, so that Dr. Dhont 
decided to give the artificial kidney a chance, well knowing there was 
nothing to lose, but perhaps a temporary improvement to gain. 

On arrival at the Kampen hospital on the IGth of March 1943 her state 
was as follows: 
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By bleeding from the nose her Hb. had sunk to 35 % and was^sWl 
troine do^vn rapidly. Pulse 100. Tension 220/140. Urea percentage 16 g 
r TheTreatii sLit strongly of urine. The heart was enlarged towards 
the left the ictus almost reached the axillary line, a gallop and a systolic 
murmur were audible. The patient sat up in bed and complained of pal- 
pitation and oppression of the chest. All over the lungs moist rhoncln were 
audible on the following days. All these symptoms have improved after we 
brought the Hb percentage to a normal level by transfusions of syrup 
of erythrocytes, during which each time wc let an equal volume of the 
patient’s blood escape for fear of causing pulmonary edema. During the 
subsequent course of the treatment the heart gave no more trouble. 

As we did not know at all how our first patient would react to the 
dialysis we .started with repeatedly dialysing small portions of blood. 
In the end we succeeded in keeping the percentage of urea at the same 
level for 26 daj's, after that no more crviceahle veins were available. 


Various complications have stood in the way of a clinical improve- 
ment. First of all the alarming bleedings from the nose, which necessitated 
repeated transfusions (totalling 14.5 litres), but which were subdued after 
reiterated cauterisations (Dr. Hinnen). On the lOlli day a pericarditis 
became evident. Next, an angina, a painful parotitis and after that a very, 
serious otitis media of both ears. The copious purulent secretion ran 
through the tubae Eustachii into the throat and excilcd the vomiting 
again avhich had just decreased a little. After treatment with sulfanila- 
mides this too improved. 

Wiien a preparation of arteries (Dr. Kelirer) was necessary (all veins 
being ruined) very persistent hemorrhages arose from the suheutanoous 
connective tissue owing to the heparine. 

After the 12th dialysis had become a failure, the ar'erj'bcing damaged, 
the urea percentage of the blood rapidly rose to G40 mg %, wlicreunon 
death followed. 


Ai necropsy the following appeared: 

Prof. Dr. J. J, Til. Vos was kind enougli to examine tlio organs micro- 
scopically. The kidneys were very small, their woigjil was 80 and 67 
grams respectively. The glomeruli sJiowed all stages of degenerative chan- 
ges up to perfect hyalinisation. The arterioles and capillarie.s showed 
smoxis sclerotic changes. TJie heart was very strongly enlarged with n 

Zf I'"" «s 4>.r«lo”poric»f® i.: Will" 

out the signs of .specific inflammation, 

iriatclVTnfd of oW l■omorri,„Bio 

niter beta til' s “ 

i.er iCb^tt:: ro:tre t:,,::rv£brs. 
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Clinical symptoms of the uremia during treatment. 

Miss S. did not make that deadly indolent and dull impression 
usually made by uremic patients. For the first four days after the 
greater dialysis she Avas often strikingly Avell and her mind was 
perfectly clear, llie vomiting was temporarily less violent after the 
5tli to 9 th dialysis. 

Eyes: the ophthalmologist Rochat found on the 16th of March: 
strongly prominent papillae; veins widely dilated, many hemor- 
rhages, and a small number of white foci radiating from the papil- 
lar}'- region. The sight was very bad. During treatment the edema 
of the papillae disappeared nearly entirely and returned later. 
The hemorrhages were totally resorbed, and no fresh' ones appeared. 
The while foci improved temporarily, increasing again later on. 
The sight improved so much that she could read the paper without 
any difficulty; this improvement remained until the last days of her 
life. 

ISloodprcssurc. During the dialysis a sinking of the bloodpres- 
surc through shock could often be observed. Secondary effects 
of the heparinc used probably accounted for this. Even Avhen the 
shock was entirely overcome after dialysis by giving extra saline 
and blood, the bloodpressure remained at a loAver level for the 
first few days after dialysis. On the graph (sec figure 6) the dialyses 
are sIioaati as columns: the white column indicates the quantity 
of blood dialysed, the shaded one the quantity of urea removed 
by dialj'sis. In the lop of the graph the bloodpressure has been 
reproduced; here one secs that each time after a larger dialysis a 
lasting decrease of the bloodpressure occurs, e. g. from 180/110 
to H5/100. After four or six days the bloodpressure returns to 
its former level. Possible causes are: 1. the removal of a tension- 
increasing .substance from the blood by dialysis? 2. insufficiency 
of iiie left ventricle, or chronic shock. Tliis was not in accordance 
with the clinical picture. 

Urine. Tlic hope that the patient’s urine production would 
suffice to maintain a certain balance has not been fulfilled. One 
gels the impression that the urine production suddenly slaclmned 
off after the larger dialyses (see figure 6). 'Diis may be connected 
with the temporarily loAvcred blood pressure and the lowered per- 
centage of urea in the blood after dialysis. Besides the amount of 
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i.rine tnssed per 24 hours decreased gradually during 1^®’’ 

—.fin 

equalled the concentration of urea in the bloo . 

seen as a consequence of the. progressive renal degeneration. 

Never has there been a trace of hemoglobine in the urme after 
the dialyses. The sediment only seldom contained some leucocytes 

and erythrocytes. 


Research on substances removed bij the arlijkial kidney. 

We are fully aware that urea is af* the utmost only partly co-res- 
jjonsihlc for the clinical symiptoms of uremia, but nevertheless we 
chose il as a measure for the results of the dialyses. Smaller 
molecules will dialyse more rapidly and liigger ones less so. 

Urea: in the larger dialyses 24, 40, and 35 grams of urea were 
dialysed out respectively. The largest quantity of urea excreted 
by the patient per 24 hours with the urine amounted to 12 ^ams. 

Figure 6 shows how the percentage of urea after liaving risen 
rapidly in the beginning could be kept’ at the same level for 26 days, 
to rise again very” rapidly after the treatment w^as discontinued. 

In table 1 one finds the results concerning urea summarized 
once more. With fractionnated dialysis, where the blood circulates 
a few times through the kidney, the percentage of urea in the 
hlood sinks to the concentration in the bath water. In continuous 
dialysis the blood IIoays only once through the kidney. It is there- 


Tcble J. 

Percenlcgcs of urea in the blood and in (he rinsing &n(fi in mg per 100 cm*. 


Dialysis K'. 

I 

11 

IV 

V 

VI 

VII 

IX 

X 

Blood of paficnl bcfoic 

dialysis 

Blood from kidney after 

172 

217 

303 

319 

288 

339 

324 

324 

dialysis 

Percentage of urea in rin- 

5 

10 

20 

10 

48 

92 

76 

56 

sing bath 

Blood of patient after dia- 






30 

58 

51 

Iv.'is 
















^oo 

ooo 


Fractionnated dialysis 

Continuous dial. 
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urine passed per 24 hours decreased gradually during >'^1 slay 
hospital, and the concentration of urea in the urmc sank l.ll .t 
equalled the concentration ot urea in the lilood. Iliis must be 
seen as a consequence of the progressive renal degeneration. 

Never has there been a trace of hemoglohinc in the urine after 
the dialyses. The sediment only seldom contained some leucocytes 
and erjdhrocytes. 


Research on substances removed by the ariificial kidney. 

We are fully aware that urea is at^ the utmost only partly co-res- 
ponsihle for tlie clinical .symptoms of uremia, hut nevertheless we 
chose it as a measure for the results of the dialyses. Smaller 
molecules will dialyse more rapidly and bigger ones Ic.ss so. 

Urea: in the larger dialyses 24, 40, and 35 grams of urea were 
dialysed out rc.spcctively. The largest quantity of urea excreted 
by the patient per 24 hours witli the urine amounted to 12 grams. 
Figure 6 shows how the percentage of urea afler liaving risen 
rapidly in the beginning could be kcpl'at the same level for 26 days, 
to rise again very rapidly afler the treatment was discontinued. 

In tabic 1 one finds the results concerning urea summarised 
once more. With fraclionnatcd dialysis, where the blood circulatc.s 
a few limes througli the kidney, the percentage of urea in the 
Wood sinks to the concentration in the bath water. In continuous 
dialysis the blood flows only once through t he kidney. It is therc- 


Tiible 1. 

Percenlcges of mea in (he blood and in the rinsing bnlh in mg per 100 cm', 


Dinlysis N'*. 

I 

II 

1 


VI 

vn 

IX 

X 

Blood of patient before 









dialysis 




3H) 

288 




Blood from kidney after 


I / 

303 

33{1 

321 

324 

dialysis 

Percentage of urea in rin- 

5 

to 

20 

10 

•1.8 

02 

7(5 

r>(i 

sing bath , . . 









Blood of patient after dia- 




10 


30 

.'IS 

.'ll 

ly.cis 

]• 

ractioi 

mated 

dialy.s 

is 

278 

Conti 

233 

minus 

333 

dial. 
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Table 2. 

Data concerning diverse reienlion products, Sulfamethylthiazol and Calcium in 
mg per 100 cm? in dialysis N° X. 


Blood ol patient before 
dialysis 

Uric 

acid 

Crea- 

tinine 

Rest N 

Urea 

Sulfamet- 

hyUliiezol 

Ca 

9.3 

10 

ti.ii 

188 

324 

15.3 

9.4 

9.4 

Blood of patient during 
dialysis 

8.2 

4.8 

m 

253 



Blood of patient after 
dialysis 

H 

4.7 

■ 

233 



Blood from kidney during 
dialysis 

Bi 

2.2 


45 



Blood from kidney after 
dialysis 

4.1 

4.8 

2..3 

49 

58 

8..8 

6.7 

6..5 

Rinsing bath after treat- 
ment 




51 




fore most often not being waslicd out so completely. Besides, the 
concentration of urea in the bath rises after prolonged dialyses, in 
future we shall change the water in the bath. 

From this table one sees that uric acid, creatinine, rest nitrogen 
and urea are bein^ removed from the blood by dialysis. Tlic fact 
must be taken into account that the blood was floAving througli 
the kidney only once before being infused again. In the rinsing 
bath, which was not changed, large amounts of these substances 
had accumulated towards the end of the dial3’’sis (51 mg per 100 
cm^ for urea). 

Table 3. 


Indoxylrcaclion after Jotlcs {most intense colour taken as 100). 


Date 

Dialysis N“. 

19/m 

II 

21/111 

22/UI 

HI 

23/in 

14/1 

X 

41V 

Blood of patient 

Blood from kidney .... 
Bathwater before treat- 
ment 

Bathwater after treatment 

39 

55 

33 

50 

0 

*f + 

100 
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Table 4. 


blood scrum 


Date 

16 /m 

23/m 

12/IV 

d/V 

PotassuiiD 

18.8 and 

19.6 

18,8 

17.8 .'uut 
IS.l 

85 and. Blood from 

92 hc.art 8-liour.s 

after death. 


Tlic percentage of xandioprokinc in lie.pariniscd blood could not 
be read accurately. 

From table 3 we may gallier that indoxyl loo is being removed 
from the blood by dial 3 '.sis. 

Percentage of poiassium: we found it imjios.sible lo delermine the 
percentage of potassium in liejiarinised blood plasm. One cannol 
but presume tliat the ionised pola.ssium dialj'.se.s wry rapid!}', so 
that blood flowing through the hidney only once, will probabl}' lose 
its potassium cntirelj'. This is important as in patients suffering 
from uremia an intoxication by potassium often seenrs to be the 
direct cause of death. 


Dialysing into the blood of substances added to the. bath water. 

Through the dialj'-sing membrane molecules go in and out. If it 
is c. g. desired lo compensate the loss out of NaCl or glucose 
from the blood these substances are added lo the rinsing bath. 

Table 5. 


Percentage of NaCl in the blood plasm in mg per 100 rm'^ (ralciilalcd from the 
- tC/’)). 


Dale 

Dialysis N”. 

17/S 

I 

22/3 

III 

24/3 

IV 

26/3 

V 

28/3 

IV 

31/3 

VII 

6/4 

vm 

8/4 

IX 

12/4 

19/4 

XI 

4/5 

Blood of patient 

590 

533 

556 

533 

6127 

509 

600 


633 

474 

640 


5St 

531 

564 

.530 


506 

1 



Blood of jiaticnt 
after dialysis 




535 

.530 

■ 

590 

605 

644 

63f, 

!>.:o 


' 

Blood from kidney 

658 

6-12 

633 

575 

560 

C39 

748 

B 


— 



6.52 

649 

632 

585 

562 

638 

7.59 





Bath water 

650 

650 

650 

570 

570 




— 

700 

— 
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Table 6. 

Pcrcenlage of glucose in mg per 700 cm^ of blood and bath water. 


Dialysis N®. 

IV 

V 

vn 

X 

Blood ol patient before dialysis 

95 

98 

|HI 

M 


95 

107 

H 9 


Blood from kidney after dialysis 

2 

20 


Ml 



9 

99 


Bath water 

0 

0 

1500 

1500 

Blood of patient after dialysis 


80 

301 

189 



85 

301 

200 


Bath water wilhoul 

Bath water with 


phicosc 

phicose 


From table 5 it is evident that Cl’ has always entered the pati- 
ent’s body from the kidney, especially when the patient’s percen- 
tage of salt -vt'as too low. In taking a retrospective view of the 
treatment we must admit that we did not always supply enough 
salt, although we gave it repeatedly. Tlie loss of Cl’ must be attri- 
buted to the vomiting. 

In the dialyses N°s. IS'' and V no glucose had been added to the 
bath. The bloodglucose sank to very low values. In the dialyses 
N°s. VII and X (and other ones) glucose was being resorhed from 
the bath. 

From the talile printed above one sees that, given a well-chosen 
rinsing bath, a normal sodium percentage of the blood may remain 

Table 7. 


The sodium percentage of the blood scrum in mg per 100 cm^. 


Date 

Dialysis N®. 

16/ in 

2G/III 

V 

31/III 

vn 

Blood of patient before J 

329 

312 

305 

dialysis \ 

.330 

309 

292 

Blood of patient f 


328 


after dialysis ( 


312 


f 




Blood from kidney . , s 



308 
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HHclianged, H necessary, other substances which arc as yetremov- 
1 ft fq Me K etc may be added to the bath water. 

"'^e diabtabt tnTtiLnts of the blood will be regulated 
according to those of the fluid in the bath, a surplus being washed 
out, a deficit replenished. 

Oxygen is resorbed very rapidly: already aficr a few windm,,s 
one sees the blue blood get red. 

Water. 

It is not easy to form an opinion concerning the question what 
the water is doing. On both sides of the dialysing membrane osmo- 
tic forces are active. From the blood a mechanic force is acting as 
well. Towards the blood: the colloid-osmotic action of tlie blood- 
plasm. By adding glucose to the bath the detraction of \vater may 
probably be augmented. 


Cultures of the blood 

both from the patient as well as from the kidney after dinl 5 'sis 
remained sterile. 


Summary. 

The artificial kidney is a dialysing-apparalus with a small 
blood volume and a dialysing area of Anbout 20,000 sq. cms., in 
which the blood of a patient is cleared of retention products. 

With one patient 24, 40, and 35 grams of urea could be dialysed 
out in 1.5, 4, and 6 hours respectively^ Other retention products 
were removed by dialysis as well. This could be demonstrated for: 
rest N, urea, uric acid, creatinine and indoxyl. 

We believe to be able to keep patients suffering from uremia 
and anuria alive so long as bloodvessels for punction are available. 

In the case of acute uremia the possibility exists for the kidneys 
to regenerate in the meantime. Sulfamcthylthiazol and other 
substances with small molecules (poisons!) may be removed by dia- 
lysis as well. 


Pod Scriplum al Ihc lime of correction, Januanj ihc 1S’\ mi. 

Ill table 5 the high value of 748 (check 750) mg % of NaCI ia 
Fohahly caused by infusion of saline a short Ume heto the sample 
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for determij^ation was taken. Further analysis of the rinsing fluid 
after dialysis no X gave the following results: 

/O litres of bath water contained 42 nrg of magnesium, 25 mg of 
phosphorus and 210 mg of potassium. 

Two more patients have been treated with the artificial kidney, 
both were from a clinical point of view hopeless cases; 

1. a man suffering from cachexia and uremia due to bilateral 
renal tuberculosis. 32 grams of urea were removed by one dialysis; 
on the next day he passed more urine than before the dialysis. 

2. a man with an acute glomerulo-nephritis and oliguria, one of 
whose kidneys had been decapsulated without success. He passed 
into collapse and coma a few hours before the dialysis, from which he 
did not awake. 100 grams of urea were removed in 6 hours, the 
urea contents of the patient’s blood showing a decline from 460 to 
290 mg %. 

In order to prevent thrombosis in the needles it proved advis- 
able to start heparinisation 2 or 3 hours before the dialysis, by 
giving 200, 100 and 100 mg of heparine at hourly intervals. 
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On the Price-Jones’ curve in tape-worm anemia. 

By 

GUIDO TOTTERMAN, M.D., (llclsingforO- 
(Siil)mUlcd for puhlicatiou November ID. 1943). 


Introduction. 

The distribution cun^c of red blood cells in pernicious anemia 
is, according to Price-Joncs, quite different to that of^ healthy 
persons and in other kinds of anemia. Pricc-Joncs considers the 
pernicious curve asymmetrical, often even grotesque, which has 
made him suspect the presence of a heterogeneous population of 
red blood cells in this disease. In a decomposition of the pernicious 
curve, according to Mogensen, a large main component can be 
distinguished, which consists of large Idood cells, and in which 
the standard deviation is as a rule somewhat greater than the lar- 
gest normal standard deviation, and as well one or two minor com- 
ponents. One of these, the left component is of constant .appear- 
ance and thus consists of small blood cells, llic otlier one, the so- 
called riglit component, is on the other liand, verj' rare and vei^' 
small in size and composed of especially large cells. The great 
standard deviation, which is characlcrislic of the pernicious curve, 
is due in the first place to the appearance of llic minor comi)oncnts. 
A curve similar to the one in pernicious anemia has been found 
by Mogensen in tavo cases of mcgalocytic anemia in idiopalic 
steatorrlioe but in no other states of anemia. Mogensen points 


The malenal for Ibis inveslifrafion Ijns been oblalucd from Uic Medical 
Hospital (Physician-in-Chief, Prof. Fr. .Saltznian, M. D.) nnd 
from the Kcuropalhological Clinic of the Universily at Hclsinefor.s (I’hvsiclan- 

n P' I nlso indebted to Mr G. Elfvliii', bocent 

D. PIul. for help in maUiemalical questions and to Mr T. TOltcrman B Sc’ 
Econ., ivho has assisted me with calculations. » • . 
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out that it appears from accounts of the mean diameter of tlie 
red blood cells, which are to be found in Schauman’s thesis on 
Bothriocephalus anemia, 1894, as if the distribution curve in 
Bothriocephalus anemia were asymmetrical in the same way as 
in cryptogenetic pernicious anemia. Tlie Price-Jones’ method has 
however, never been tried in tape-worm anemia. I have used this 
method in 15 cases of the disease as such an investigation must 
undoubtedly be of a certain theoretical interest. 

Methods. 

Mogensen carries out the decomposition as follows. Tlie inver- 
sion of the adjusted Price Jones’ curve is transferred to the original 
adjusted curve in such a way that the two curves cover each other 
as much as possible. They cover each other almost totally when 
the distribution is normal. The distribution is symmetrical. Tlie 
case is, however, different in pernicious anemia. The presence of 
the preponderate left component displaces the symmetry and on 
this account large or small parts of the two curves will be un- 
covered, Already the appearance of an asymmetrical distribution 
curve will give rise to the assumption that there are minor com- 
ponents. The approximate mean diameter, standard deviation 
and volume of the main component and the mean diameter and 
volume of the minor components can be graphically determined by 
the aid of Mogensen’s method. The measuring of blood cells in my 
investigation has been carried out as in Hernberg’s thesis on the 
size and shape of the red blood cells in people of various ages. 500 
red blood cells have been measured in each case. To eliminate 
irregularities from the curve, caused by the measuring process, 
Mogensen uses a kind of gliding mean values. Hernberg, again, 
uses for the same purpose a redoubling of the class width. A 
further adjustment of curves with these gliding mean values has 
therefore not been considered necessary in my investigation. — 
The most important accounts of the 15 cases of tape-worm anemia 
are — to make it as short as possible — given in connection with 
the curves, the inverted curves being dotted. Tlie number, sex 
and age of the patient are given in the top left-hand corner, and 
beneath the state of blood. Tlie mean value of the poikilocytocis is 
calculated according to Hernberg. To the right of the curve the 
mean diameter (MD) of the red blood cells and the standard devia- 
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tion (si calculated, for the whole of the curve is given. Further, 
the volume (N„). the mean diameter (MB„) and the slan art c ov - 
ation (s„) of the main component and the volume of the left com 
ponent (N.) in the 4 cases in which it has been possible to carry ont 
a decomposition on account of the results of inversion are also 
given. Tlie distribution curve of a healthy person (Mogensens 
case No. 7) has been added for the .sake of comparison eUnd 1ms lierc 

been entitled normal. 


Results. 


A survey of the blood values shows that the anemia is tin oiigh- 
out liypercromic and excepting in cases 6, 8, 12 highly developed. 
The mean diameter and tlie stand.ard deviation of the red blood 
cells (MD and s) in the 15 cases investigated is very pronounced 
and surpasses the Iiiglicr border of the nornual, which is considered 
to lie at 7.65 {x and 0.53 jjl. It may consequently be staled llmt 
the blood picture, in each case, is t> 7 >ical]y »pcrnicious». 

- Price-Jones and Mogensen have both found that in crypto- 
genetic pernicious anemia no correlation occurred on the one band 
behveen the size of the standard deviation and the .size of the mean 
diameter and on the other hand helween the size of the mean dia- 
meter and the red cell count. But they found a noticeable con- 
formitj'" between the red cell count and the size of tlie standard 
devication, as the standard deviation was largest in those case.s 
wlu'ch had the lowest red cell counLs. The 15 c.ases of tape- worm 






anemia give exactly the same results when file 
values are compared. 

If we investigate the curves, after Imving a])plied kfogenseii’s 
inverting metliod, we find that botJi curves in 1 1 cases (2, 3, d, 5, 0, 
8, 9, 10, 11, 12, 14) Aalmost cover each otiier. They may tJms he 
considered fairly symmetrical willioul any decided' minor comjm- 
nents. The increased mean diameter and the displacement of the 
curves to the riglit, connected therewith, and the increased stnn- 
(lard deviation of those ciirvc.s .siiggoAl, however, that tliev do nol 
belong to hcallliy persons. Tlii.s is noticed, loo, in a direct coiii- 

metrs IS, on the contrary, so great that Uic presence of a h-fl roni 
ponent may bo suspected. A minor component to the. rigiil ^1, 
Mogensen believes himself to have noticed in some eaieslif 
Ac fa med, scandinop, Vol. CXVlI 
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cryptogenetic pernicious anemia has not been traced in any of the 
15 cases of tape- worm anemia. 

The mean diameter of the main component (MDo) is, according 
to Mogensen, the absciss of the symmetric axis of the original curve 
and the inverted curve. It is characteristic of the mean diameter of 
the main component in the 4 cases mentioned above that it is noti- 
ceaJjly larger than the mean diameter of the whole distribution 
curve in the same manner as in Mogensen’s cases of cryptogenetic 
pernicious anemia. This is in itself a proof of the presence of a 
left component, composed of small blood cells. The standard 
deviation of the main component is greater than the greatest- nor- 
mal standard deviation and yet not exceptionally great in Mogen- 
sen’s cases of cryptogenetic pernicious anemia and the same is the 
case in these 4 cases of tape-worm anemia. In 3 of the cases in 
question (7, 13, 15) the left component is more noticeable as at least 

of the total number of cells belong to it. In the remaining case 
(1) the left component contains 72 cells, a figure which compared 
with the corresponding figures in Mogensen’s- cases of cryptogene- 
tic pernicious anemia must be considered rather considerable. 

As a control of the results obtained by Mogensen’s inverting 
method should be important I have obtained directions from Dr 
G. Elfving of some analytical methods of which a short account will 
be given below. 

In the first place cases liave been chosen in which the asymmetry of 
the distribution is large enough to justify a trial of decomposition. For 
the purpose of finding an objective measure for the asymmetry we have 
calculated a so called sketvness measure for the distribution. Several of 
the kind have been suggested in literature. Cliarlier’s skewness measure 

is well known. In it s is the standard deviation of the distribution and/tj 
its third moment of the mean value. Lindeberg’s sketvness measure 

Sl = P — 50 

is less knonm but preferable in many ways. P is the percentage in indivi- 
duals for which x {here diameter of blood cells) exceeds its mean value. 
In a Gaussian distribution both these ske^vness measures have the mathe- 
matical expectation 0, while their standard deviations are given by the for- 
mulas i ' .,/TT 30 

^ J. \V. Luideberg: Ober die Begriffe Schiefheit und Exzess in der niathe- 
inatischcn Statistik. Skand. Akt. tidskr. 1925, p. 106 — 127. 
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Decomposition according to Mogensen. 





Sch .36 .28 .10 .04 .OvS .03 .27 .01 .30 .02 —.02 .02 .26 .14 .26 .054 

Sr. 8.] 1.4 1.2 2.0 1.2 —.5 7.0 1.1 4.8 —1.1 .9 1.,5 3.8 3.4 4.0 1.34 
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Dccomposillon according lo Elfviiig. 


The skewiesses, according loChariicr and Lindebcrg, are given in lab. 1, 
also their mean errors (last column). If a divergence of about 3 o or more 
is considered significant the results of botii the skcAvness measures ^vi!l 
agree excepting in case 2. With regard to tbc sbnpc of llic curve and lo 
the special precedence given lo Lindeberg’s measure it seom.s more correct 
lo leave this case out of the group of skeiv disirjl)ul}ons. 

It now lies close at hand to imagine the asymmetrical clislribulions as 
composed of a main and a minor component, both pcrliaps normally ^ 
distributed. Oh the basis of this hypothesis a dccomposiiion of the distri- 
bution of blood cells has been al tempted in cases 1, 7, 9, 13, 15. An 
approximation system has been used for llns purpose. It will be given in 
short below. The right side of the distribution may be considered almost 
free from the influence of the minor component. In consequence of the 
assumption and by the aid of so called probability papers approximale 
values for the number of individuals, mean value and standard deviation of 
the main component have been derived graphically. Tlien — also graphic- 
ally — theoretical values for the number of individuals in the clas.se.s com- 
mon With the minor component have been calculated. By subtracting those 
class number s from those actually found, a first isolation of tbc minor 

1 Here .uonna31y» is used iji Ibe meaning ot .Gaussian, . 
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component was obtained. By means of graphic levelling a theoretical class 
number was now calculated in the same way as previously for the main 
component. Finally the actually distinguished numbers of individuals of the 
common classes were divided in proportion to the theoretical values. A 
first decomposition of the material was thus obtained. Mean values and the 
standard deviation of the components were calculated in the ordinary way. 

A second approximation was now undertaken. By the aid of the total 
numbers of individuals and the distribution constants received, theoretical 
class values were again calculated for both components, after which the com- 
mon classes were divided in proportion to these figures. Then again indi- 
vidual numbers, Nq, Ni mean values MDq, MDj^ and standard deviation 
So, si^ were calculated from the component distributions thus received. 
They diverged only slightly from the corresponding figures of the first 
approximation. Tab. 2 shows the result of the second approximation, which 
may be considered to give definite values for the parameters sought for. 

The result of the decomposition is shown in diagrams 1, 7, 9, 13, 15. 
The main component seems on the whole to have the shape of a Gaussian 
curve. The minor component, too, has a rather regular shape but the 
slight number of individuals make any certain conclusions impossible. In 
any case it may be said that the material does not contradict the hypothe- 
sis of two normally distributed components, yet it must naturally be 
considered a working hypothesis as long as there is no proof of an actual 
divergence of the blood cells in the two components. 

As we see, Elfving has considered cause to carry out a decom- 
position in the same 4 cases which already have been decomposed 
by using Mogensen’s method. Elfving has also decomposed case 9, 
as the shewness calculated according to Charlier and Lindeberg 
has given reason to suppose that there is a left component in the 
curve. This left component ivill, however, be the smallest of all 
in volume as only 44 cells can be assigned to it. In this connect- 
ion it should be pointed out that Mogensen’s method as regards 
inversion and drawing of diagram lines based hereupon, give rise 
to varied interpretations with consequently varied results. When 
case 9 was decomposed according to Mogensen, no minor compo- 
nent was obtained. In the present decomposition,, according to 
Mogensen, it has been stated that the method is very sensitive and 
the just mentioned negative result in decomposing case 9 may he 
attributed just to this quality in Mogensen’s method. 

If we leave out case 9, tlie case in which Elfving found the smal- 
lest left component, then liis classification of the curves based on 
skewness and the results which he has reached hereby show such a 
pleasing conformity with the grouping of the curves according tfT 
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Moqcnsen's toerting method and the values ohlained hereby 
that the methods may be said to confirm each other. On account 
of these results we have a valuable proof of the mvcsUtali n 
being correct from a mathematical point of vicav. 


Comment. 

Tlie investigation has shown that the distribution curves in 4 
of the 15 cases of tape-worm anemia (1, 7, 13, 15) arc the same 
as in cryptogenetic pernicious anemia, in that tliey arc asymme- 
trical and dhnsible into components. In all these 4 cases the ane- 
mia was comparatively severe. In the fifth ease (9), the one which 
could be decomposed according to Elfving, but not according to 
Mogensen, the blood values were decidedly liigher. Tlicrc certainly 
were 3 cases (2,, 4, II) among the tape-worm anemia cases in 
which the anemia was veiy severe, and a decomposition had not 
been possible, but it may be questioned whether llierc was not a 
rigtit component in these curves which outbalances llic left com- 
ponent. The large standard deviation of tlie curs’'c supports this 
supposition. There arc two cases of cryptogenetic pernicious 
anemia (No. 4 and 9) in Mogensen ’s thesis where the case is simi- 
lar. In the remaining 7 cases (3, 5, 6, 8, 10, 12, 14) Die dislriliu- 
lion curves come closer to the normal curve on Die whole, in tlie 
same degree as the blood values increase. 

Tliroughout liis material of cryptogenetic pernicious anemia 
i^Iogcnsen found distribution curves wliicli could be decomjiosed. 
nds may be because the anemia was always .severe in his case.s. 
On that account he calls for investigations of the distribution curve 
in patients with less developed crj-ptogenclic pernicious anemia. 
Before such an invc-stigation has been undertaken it cannot be 
definitely determined whetlier the distribution curvvs in lajje-worm 
anemia and cr}q)togcnetic pernicious anemia arc quite similar. 

Ihe result of my investigation indicates, however, that Ihi.s niav 
be the case. 


nummary. 

The results of the cxun.i,..ition of the Prire-Jom-s' rarve i„ 
15 cases of tape-worm anemia wore as follows: 

I. There was no correlation l)ehvccn Hie size of Hie nic'in ili-i 
meter and the size of the standard deviation, ' 
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2. Neither could a correlation between the size of the mean 
diameter and the red cell count be stated. 

3. On the other hand there was a close agreement between the 
red cell count and the size of the standard deviation, as the stan- 
dard deviation was largest in the cases where the red cell counts 
were the lowest. 

4. These results agree exactly wth the results that Mogensen 
and Price-Jones obtained in cryptogenetic pernicious anemia. 

5. In 4 cases of tape-worm anemia the curves were clearly 
asymmetrical and could be divided into one left and one main 
component as in cryptogenetic pernicious anemia (Mogensen). In 
3 further cases, which have fairly symmetrical distribution curves, 
there is reason to believe that behind the abnormally great de- 
viation is hidden not only a left component but a right component 
as well. The remaining eight curves are practically symmetrical 
but the increased mean diameter and standard deviation cause 
them to differ from the normal curve. 

6. The distribution curve in severe tape-worm anemia shows 
traits which are characteristic of cryptogenetic pernicious anemia. 
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Ober die klinische Bedeutung der Tuberkulin 
wiederholungsreaktion. 

Von 

AARNE HONKANEN. 

(Bel dcr Rcdaktiou am 20. November 1043 einfiesnngen). 


Einleitun^. 

Bci dcr Entscheidung dcr Fragc iiach dor Alclivilal dor Limgon- 
iubcrkulosefallc kotnmt man dazn, sicli in hcdcutcndcin aiif 

.so unspczifisclic Spnplomc, vie das Anflvelon von I'iolior nnd din 
Ergebnisse der Scnkungsrcaklion dcr roten Blufkdrpcrclion. zn 
sLiitzen. Audi dcr Rdnlgcnlicfund allcin vennag nur in cincin 'iVi! 
der Fade die Fragc, ol) dcr bclrc.ffcndc Fall sidi im aktiven Sla- 
dium befindcl, sidier zu lioanhvorlcn. Sogar das vcnscliarflc 
Fahndeu nadi Tiiborkdbazillcn inii IHIfc von i\ragcn.s]ui!ungcn. 
Ziidilungen aid kunsUicben Nabriiddcn nnd ilfocrsdiwindicnvcr-- 
sueben liefert naincntlicb in Fallen von Iicginncnder lamgcntubcr- 
kulose oftmals cin negalives Rc.sultal. Ein Naditcil dcr Ictzl- 
genannlcn Vcrfaiiren i.st ferner die lange ZeU, die sic hcanspnicbcn. 
bevor man zu cincm Sdilus.s gdangi. Die serologi.seben Rcaklio- 
nen, von denen gegenwiirtig die i\roliio(l(>n Mcinickcs, Rcsrcdlias 
imd Wilcbsky-Klingcnslcin-Kuiin.s als die bcslcn geUen. kdnnon 
baufig cin wcrlvollcs Milf.sniillcl bci dor Diagnosliziorung dcr 
aktiven Lungcnluberkulosc. aii.sinadicn, doeli liabcn aiidi .sie den 
Nacbteil, dass sic in Fallen von heginnonder Lungenluherkulose 
oft zu cinem negativen Ergebnis fiihrou. Falls ein Forseber mil, 
Hilfc irgendeincr Scrorcaktion boi aktiver Tuberkuloso fa.sl aus- 
nahmslos cm positives Rcsultat cvzicU, licferl die Rcaklioji dann 
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auch in solcher Menge unspezifisclie positive Ergebnisse bei inak- 
tiver Tuberkulosc, bei Gesunden und bei Personen mit niebt 
tubcikuldsen Kranitheiten, dass der Reaktionswert davunter leidet 
Die Grenze zwischen aktiver und inaktiver Tuberkulosc ist so 
undeutlich, dass man wahrscbeinlicb nie ein Mittel linden Avird, 
welches mit absoluter Gewissheit die Aktivitatsfrage in jedem 
einzelnen Tuberkuloscfall entscheidet. Aber die Dbereinstimmung 
des klinischen Gesamtbildes mit manchem Symptom und Reak- 
tionsbefund nabert uns schon der unbedingten Gewissheit. . ^ 

Die Tuberkulinreaktion gibt mit wenigen Ausnahmen (z. B. 
Masern, Scharlach, Typhus, oftmals Tuberkulosc im letzten Sta- 
dium) die Antwort auf die Frage, ob cine Person mit Tuberkulosc 
angesteckt worden ist oder nicht, aber in bezug auf die Aktivitat 
eines Tubcrkulosefalles kann man sich nur bei Kleinkindern mit 
einer gewissen Wabrscheinlichkeit auf ihre Aussage verlassen. 

Dass das Verlialtnis zAvischen ZAA^ei aufeinanderfolgenden Tuber- 
kulinproben fiir die AlUiAutatsdiagnose der Tuberkulosefalle von 
Bedeutung sei, Avird in der Fachliteratur erAA'ahnt, aber die Zahl 
der untersuchten Falle ist gering lind die Verlahren selbst sind 
in mancher Beziehung schAAmnkend, Aveshalb man auf ihrer Grund- 
lage keine sicheten Schliissc in bezug auf den Wert der Methode 
ziehen kann. Es ist bemerkensAA'ert, dass diesc Frage, Avenigstens 
nach der mir zuganglichen Literatur zu schliessen, sehr Avenig 
studiert Avorden ist. 

Icli babe in mciner Arbeit danach gestrebt, den Wert der Avieder- 
holten Tuberkulinreaktion fur die Stcllung der Aktivitatsdiagnosc 
zu erforschen und die Bedeutung, AA^elche ihr im Vergleich mit 
einigen anderen Aktivitatssymptomen zukommt, klarzustellen- 
Glcichzeitig Avurden Vcrgleichc zwiseben den Kutan- (Pirquet) und 
Intrakutanreaktionen (klantoux) beim Studium der wicderholten 
Tuberkulinreaktionen angcstclll. 

Geschichtliches . 

Schon V. Pirquet (1907) Aveist in seiner ersten Veroffcnllicbung 
darauf bin, dass in der Tuberkulinprobc die langsamen Reaktions- 
formen, die erst nacli einer Reilie von Tagen ihren Hohepunkt 
erreichen oder erst nach Wiederholung des Versuebs positiv Averden, 
m. a. W. die sekundaren Rcaktionen, auf inaktive Tuberkulosc 
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scl,li«e,. lasscn, mhvcnd die Fruhrcaldionen in dcr Mel.rzald <lcr 
F^lle auf manifesle Tubcrkulose. bc/.ogcn wcrdon konncii. 

' Eliermann und Ertandscn (1909) bai.en fealgoalclll da» I u bcr- 
kulinproben, wn sie OTci Tage nachoinander angcaU-lH ave. k . 
keinen UntacMcd anhve&on, dasa nber sclion wnn vu-r lage 
zwischen den Reaklioncn liegcn, cine dcutliclic Sleigcrung aor- 
handen ist. Nock nack 101 und 137 Tagen is! cm deulkekes Sic.- 
gen nachwcisbar. Wciter bal)cn die Forscher konstatiovl, dass die 
SensibilisicTung cine umvcrscllc, kcinc. lokale Evsebeimmg isl. 

Kogel (1912) beobacMetc in den kilsigcn Fallen bei gnter klini- 
seber BcsscTung in\ ganzen cineu slarkcn und bei NN iederludung 
dcr Rcaktion cinen slcigenden Pirquel; umgckebrl zeigten die 
kasigen Falle. bei gcringcr kllnischer Bcssening und bei Ver- 
sdilechterung cin Sinken dcs slarkcn odcr ein Gleicbbleiben des 
schwachen Pirqiiet. Fiir die fibrosen Falle oline Tuberkelbazilleii 
fm Sputum ist also cine verspalcle und oft geringe Kulanreaklion 
ebarakteristiseb. In ganz Icichlcn, abgclaufenen Fallen findel. jju 
Laufc der Besserung in dcr Regcl kein Starkenverdtui dt's I'inpud 
stall. In den fibrosen Fallen mil Tuberkelbazillon iiu .-Vu.swurf 
und mit akUven Erscbeiiumgon zeigt sicb bei erbeblicber Re.ssening 
der kliniseben Sjunplomc in der Regel ein Sliirkenverden ties 
Pirquel und cin sclmellercs Auflrclen der Ueakliun. Dev Furseber 
glaubl, dass cin wicderboltcr Pirquel fiir die Prognose der Lnngen- 
tuberkulose von Bedculung sei. 

Grundt (1913) sludicrtc an 130 Kranken die Pirquelsebe Reak- 
lion mil cinmonatigen Pauseii vier vcrscbledene ^fale und sleilie 
dabci fcsl, dass die slcigcnde Scnsibililiil der Fiillc. djf die giin.s- 
tigste Prognose baben, am slnrkslen isl, Avogegen /lega lives oder 
unnvcifclhaflcs Sinken als ein ungun.sliges Zcichvn aufzufassen sei. 

Audi Piilialii (19J3) bcoliadilcle, dass dm erneiile Ibrqiiet- 
probc bei Luposen einc geringerc Erweitening des i-laebeninballs 
verursadite, als die Wicdcrbolung der Rcaklioti bei Gesunden 
Untcr den Forschern, welchc die Wioderbolungsrcaklion mil 
life dor )nlra)<ulancnTubcrkub>robc.slu(!ierninben, isl als der 

eines Fades zu enlscheiden vcrniag. 
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In entgegengesetzten Resultaten fulirten die Untersuclnmgen 
von Bessaii und Schwenke (1914). Sie bedienten sich dabei des 
Alt-Tuberkulins in den Verdiinnungen 1: 10000, 1; 1000 und 1; 100 
und Aviederholten die Reaktion nach 8 Tagen. Die genannten 
Verfasser bezeichnen den Zuwachs des Reaktionsdurclimessers um 
5 mm als fraglich, um 10 mm als deutlicb und um 15 mm als stark- 
aber ein noch grosseres G^wicht als den absoluten Massen der 
Reaktion mdchten sie nacli ibrer Erfabrung der Reaktionsqualilat, 
speziell dem Grade der Tastbarkeit und der Rotung, beimessen. Sic 
untersucbten insgesamt 153 Kinder, von denen 24 stets negativ 
reagierten. Ilire Untersuchungsergebnisse geben am deutlicbsten 
aus Tabelle 1 bervor. 

Die Verfasser erwabnen, dass eine starke Steigerung der loka- 
len Tuberkulinempfindlicbkeit einen aktiv progredienten tuber- 
kuldsen Prozess mit sebr grosser Wabrscbeinlicbkeit ausscbliesse. 

Pringsbeim (1914) studierte nacb Bessau die Wiederholung der 
Tuberkulinreaktionen an Envachsenen. Von den 125 untersucbten 
Fallen war einer tuberkulinnegativ. In einem Teil der Falle wurde 
aucb die Pirquet-Probe ausgefiibrt, wobei in 10 % derselben der 
Parallelismus feblte. Auch die Ergebnisse Pringsbeims sind in 
Tabelle 1 wiedergegeben. 

Marcbionini (1929), Reiss (1932) und Cvetkova (1934) baben die 
intrakutane Tuberkulinwiederholungsreaktion mit achttagigen 
Zwiscbenzeiten bei Hauttuberkulose untersucbt. Von ihren Resul- 
taten seien folgende envabnt, Marcbionini erbielt in 137 Fallen 
von aktiver Hauttuberkulose 113 mal (= 82.5 %) die gleichc 
oder cine abgescbwacbte Reaktion, und 24 mal (= 17.5 %) eine 
Steigerung derselben. Unter 89 Kontrollfallen zeigten 13 die gleiche 
Reaktion und 76 (= 85.4 %) eine Steigerung. 5 Falle mit aktiver 
Tuberkulose anderer Organe lieferten alle die gleicbe Reaktion. 
Von 28 Fallen mit Lupus erytbematodes batten 11 die gleiche 
Reaktion, 16 Steigerung und 1 Abschwacbung. Der Verfasser 
ervvabnt, dass eine Abschwacbung der Wiederholungsreaktion hei 
kacbektiscben Individuen vorkomme. Reiss untersucbte im ganzen 
203 Falle, darunter 30 % mit manifester Hauttuberkulose (Lupus 
erytbematodes mitgezablt). Von den nicht tuberkulosen Fallen 
waren 10 % negativ, 43 % zeigten eine gesteigerte, 10 % die gleiche 
und 37 % eine abgescbwacbte Reaktion, welcb letztere vom Ver- 
fasser kacbektiscbe Reaktion genannt wird. In 10 % der inak'tiven 
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Lungen- und Hilustuberkulosefalle war die Reaktion negativ 
in 53 % gesteigert und in 37 % kackektisch. Bei manifester Haut- 
tuberkulose land m,an in 21 % der Falle eine gesteigerte, in 50 y 
die gleicbe und in 29 % eine kacbektische Reaktion. Fiir Lupus 
erythematodes warden die Prozentsatze 69.3, 7.7 und 23 gefunden. 
Cvetkova imtersuchte im ganzen 174 Kranke mit verschiedenen 
Foi-men der Hauttuberkulose und erbielt dabei eine Reaktion des 
aktiven Typus in 61.6 %, des inaktiven Typus in 9.3 % und des 
kacheJitiscben Typus in 29.1 % der Falle. Die Verfasserin erwahnt, 
dass die Reaktion nach Bessau keine Scblussfolgerungen hinsickt- 
lick der Prognose und des Imnxunitatszustandes zieken lasst. 

Bjornstad (1941 bat Untersuchungen iiber die durck die 
intrakutane Tuberkulinreaktion kervorgerufene Sensibilisierung 
ausgefukrt und beobacktet, dass die Sensibilisierung bleibt lange 
Zeit, ja sogar monatlang besteken. Verf. beobacktete eine Sensi- 
bilisierung sowolil bei Patienten nait aktiver Hauttuberkulose als 
auck bei Patienten okne nackweisbare Tuberkulose. 

Lobban (1930) studierte die Bedeutung von nach einem Monat 
Oder mckr wiederkolten intrakutanen Tuberkulinreaktionen fiir 
die Prognose der Tuberkulosefalle und fand bei Besserung ein 
Steigen der Tuberkulinempfindlickkeit, bei Versckleckterung ein 
Sinken dcrselben, wakrend die Empfindlickkeit in stationaren 
Fallen unverandert blieb. 

Forbes (1939) bewerkstclligte an gesunden Personen (35 Stu- 
denten) in Zwisckenraumen von 1, 2, 3, 4 und 6 Wocken intra- 
kutanc Tuberkulinpriifungen. Die Resullate zeigten das fast 
konslantc Auftreten einer Dberempfindlickkeit nach der ersten 
Probe, wenn sie nack einer kxirzeren Zwisckenzeit als 3 Wochen 
wiederkolt wurde. 


Material. 

Die vorliegenden Untersuchungen wurden an Kranken und 
Personal aus zwei finniscken Kriegslazaretten sowie an Soldaten 
einer Ausbildungszentralstelle ausgefukrt. ^ Mit Ausnakme derje- 


i In diesem Zusammenhang habe icb das VergnOgen, den Chefarzten der 
betreffenden Kriegslazarette, den Krankenscliwestern sowie abyi Muin r- 
Zivilpersonen, die mir in der einen oder anderen \Veise bei der g 

und VeroffenUi Chung der vorliegenden Arbeit behilfbch gewesen sind, 
aufrichtige DankbarUeit zu bezeugeii. . — ' 



..E KL.B.SCBE BEEEUTBEB DEE BS«. 15l 

Tabelle 2. 

(Jbersiclit uber das mil den Wiederholungsreaktionon nach Manloux und 
^ Pirquet untersuchlc Material. 


dcr Fallc 


Tuberculosis pulmonUin I . 
Tuberculosis pulmonum 11 . 
Tuberculosis pUlmonuin 111 


Tub. inactiva 

Pleuritis exsudat.vn . 
Sonstige Tuberkulose 
Suspcklc Tuberkulose 
Andcre Krankheiten . . 

Gesunde 

BCG-Geimpfte . 


Gesatulzahl der Falle 


Untersuchungs- 

methode 

Zusam 

Manloux 

, Pirquet 

men 

Anzahl 

Anzahl 


■ 

46 

■■ 

21 

67 

50 

33 

83 

59 

46 

105 

155 

100 . 

255 

. 12 

13 

25 

48 

15 

63 

2 

6 

S 

9 

5 

14 

9 

13 

22 

S3 

195 

278 

67 

49 

116 

385 

396 

781 


nigen Personen, die bei den nacb beiden Intervallen vollzogenen 
Tuberkulmpriifungen , negativ reagierten, wurden insgesamt 781 
Personen uiitersucht/und zivar kant in 385 Fallen die Manfoux- 
und in 396 Fallen die Pirquet-Metliode zur Anwendiing. Fine 
Dbersicbt fiber die Bescbaffenbeit und Verteilung des untersuchten 
Materials in bezug auf die Mantoux- und die Pirquel-Probcn findet 
sicb in Tabelle 2. 

In der ol)engenannten Ausbildungszentrale fanden die Tuber- 
kulinprfifungen der Rekruten im Spatwinter 1943 statt. tn Ver- 
bindung damit tyurden die Tuberkulinnegativen mit BCG geimpft, 
und 116 derselben tvurden spaterliin ebenfalls in die vorliegende 
Untersuchung liincinbezogen. 


lecnniK. 


Zur Ausmimrng der Mantoux- ivie auch der Pirquet-Prufunoen 
tautzte id, das Alt-Tuberkulin (Prapanrt der Betang-^S 

ISsuna T- Grundverdlinnungs- 
sang 1, 10, aus weleher jedes Mai die Vcrdunnung U 1000 l«r- 
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gestellt wurdc. Bei alien Mantoux-Versuchen kajn die gleiche 
(1: 1000) Vcrdiinnung zur Anwendung. Wenigstens nacli meiner 
Erfalirung ist es unndtig, mit slarkeren Verdiinnungen zu begin- 
nen, denn keine der von mir untersuchten Personen reagierte 
irgendwie ernster auf die erlialtenen Tuberkulinmengen. Nadi 
Rcinigung dor Haut mit Atlier wurde beim ersten Versuch je 0.1 
cin3 an der Volarseitc bcidcr Untcrarme, etwa 10 cm proximalwarts 
des I-Iandgelcnlcs, intrakutan eingespritzt. Bei der spateren 
Prufung erfolgien die Injcklionen 10 cm proximalwarts der vorigeii 
Injektionsstelle. 

Die Pirquet-Probcn fandcn in iiblicber Weise, naclidem die 
Haut mit Atber gereinigL worden war, mit Hilfe des Inipfbohrers 
statt. Zu der ersten Probe und zu der Wiederholungsreaktion 
benutztc ich fur dicsclbe Person immcr dieselbe Tuberkulinver- 
packung. Die Bobrungen wurdcn an denselben Stellen am 
Unterarm wie die Mantoux-Priifungen bewerkstelligt. 

Um die Resultalc der Tuberkulinprufungen zu beurteilen, 
wurden 24 und 48 Std. nach Ausfiibrung des Versuchs zweiwnkel- 
reebt zu einandcr gcstellte Durcbmesser der Rotung gemessen. 
Ein cventuell auftrclendcr, mil der lympbangitiseben Rotung 
zusammenbangendcr Streifen blieb jedocb bei der Messung un- 
berucksiebtigt. Die Messungen wurden von KranJeensebwestern 
Oder Sanitatsunteroffizieren ausgefubrl. Um die Tecbnik zu 
vereinfacben und etwaige subjektive Dcutungen zu vermindern, 
bcrucksicbtigte man bei der Beurtcilung der Resultate weder die 
IntensiUit der Rotung, nocb die cventuellen Versebiedenbeiten der 
Infiltratkonsistenz. An bciden Unterannen einzeln wurde von den 
winkelrccbten Rolungsdurcbmesscrn der Durcbsclmittswert aus- 
gcrccbnet und die beiden Mittclwcrlc dann zusammengezablt, so 
dass bei der Beiirteilung der Tubcrkulinrealclionen auf jeden 
24-SLd.- und jeden 48-Std.-Wert cine Ziffer entfallt; fiir den Wie- 
derbolungsversucb gilt dasselbe. Darauf wurde der Untersebied 
fiir die 24- und die 48-Std.-Werte ausgereebnet. Der gcfimdene 
Untersebied wurde nocb in Prozenten bestimmt, wcil bei den 
Mantoux-Reaktionen stets die gleicbe Tuberkulinmenge zui An- 
wendung kam, wodurcb die in versebiedenem Grade tuberkulin- 
empfindlicben Individuen mitcinandcr verglcicbbar werden. Nach- 
stebend geben wir als Beispicl die Messungsresultate und Aus- 
reebnungen von Fall 553 wieder. 
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Mantonx I 

Mantonx II 

I 

1 


24St(i 

48 Stcl. 

24 SUl. 

48 Sid. 

24 Sid. 

48 Sid. 

24 Sid. 

48 Std. 

RecJili.;. . 

26x23 


■■ 


wm 

■ 

HR 

41 

Links; . . 

32X30 




suH 

HR 


32.5 



Hi 

HI 

Hi 

55 5 nim 

110 iiiin 

98.5 nun 73.5 nun 


11—1 

' 11— 1 

11—1 

11—1 

24 Sid. 

48 Std. 

24 Std. 

48 Std. 

+43 min 

— 36.5nin) 

+ 77.5% 

—33 2% 


Die Resultate der Pirquet-RcaJctiojieji wurdcn jnacli dcmselJieii 
Messungsverfahren and dersciben Beslimnuingsweise dcs Uiilcr- 
schieds zTOschea der erstcn und der wedcrlioKen Priifiing wie 
bei den Mantoux-Realilionen beurtcilt. 


Es ware eine andere Mogiicbkeil. die Unlcrscbicde der iniLtlerexi 
Durchmesser an imd fur sich zn baurteilcn, nic as z. B. Bessati 
nd Scliwenkc getani sic lienutzlcn jedocli ais erste Tulicrlinlin- 

r^rz'df: Botf 

-t ^ erdunnungen kam dann bei der Wicderlioluntrs 

P^ng die Picinste Tabcrlnilinniengc, die gcinde noc e 

tive Rcaktioji eel efert Intin a f . ' 

1 • lx natie, zur Anwendiine. Anf f?wic» 

MriieZ ni?rRM,zrd -1 

Eine dritte McUiodc iv i'rii'rcZrc'''rr T' ’ - 
RotungenindenErc/ .mri 7 die FJaeJienrauine der 

Da aber die vergIoicl,e„. 

Mieren Diirchmesscn-crgleicl, hcgniigT ' ‘ ""‘ 


'™dcr!.olu„gsreaMton“ZlZ Zn'cl T'llicrJiulin- 

oJten, gieich grosson TuberkulinrV wieder- 

^eicren. Ein 

Ada med. scandinnv. Vol, CXVII ‘ ® » ^^’Scbwaclujng 
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Tabelle 3. 


Ergebnisse der Mantoux-Wiederholungsreaklion, wenn das RcsuUal nur dann 
a Is gle.ch gait, falls die nach 48 Std. fur beidc Enterarme ausgcrechncten 
MitteEvertc von zwei ^vinUel^ecblen Rotungsdurcbmesseni einen Summon 
unterschied zwiscben dcr erstcn und dcr crncutcn Prufung crgabcn, der nlcbl 

10 % erreichle. 


Art der Falle 

Anzahl 
dcr Falle 

Abschwa- 

cbung 

Gleich- 

bleiben 

Sleige- 

rung 


der 

Sensibil Ltilt 


Anzahl 

% 

Anzahl 

0/ 

/o 

Anzahl 

% 

Tub. pulm. I 

46 

16 

35 

9 

'19 

21 

46 

Tub. pulm. 11 

50 

20 

40 

6 

12 

24 

48 

Tub. pulm. Ill 

59 

24 

41 

12 

20 

23 

39 

Tub. pulm. zusammen . . 

155 

60 

38.7 

27 

17.4 

68 

43.9 

Tub. inactiva 

12 

1 




11 


Pleuritis exsudativa .... 

48 

2 

4 

4 

8 

42 

88 

Sonstige Tuberkulose .... 

2 

1 


— 


1 


Suspekte Tuberkulose .... 

9 

2 


— 




Andere Krankhciten .... 

9 

1 


— 




Gesunde 

S3 

8 

9.6 

4 

4.8 


85.6 

BCG-Geimpfle 

67 

38 

56.7 

4 

6.0 


37.3 

Zusammen 

385 








genannt. Die zweite Moglichkeit ist die, dass beide Resultate die 
gleichen sind. Drittens kann der erste Tiiberkulinreiz den Orga- 
nismus so empfindlich machen, dass die erneute Injektion eincr 
gleich grossen Tuberkulinmenge cine starkere Reaktion hervorruft, 
wobei auch die Rdtung der Impfgegend sick ausdebnt. Es ivarc 
natiirlich gut, auch die Intensitat der aufgetretenen Rotung mog- 
liclist objektiv beurteileji zu konnen. Mitunter macht sich die 
tlberempfindlichkeit nur in dieser Weise bemerkbar. Mit den 
etwaigen Verschiedenheiten der Infiltratkonsistenz verhalt es sich 
ungefahr ebenso, doch Avtirde die Berucksichtigung aller dieser 
Faktoren wie auch die Beachtung eventueller Unterschiede bei 
den Blaschen die Beurteilung der Resultate verwickelter maclicn 
und die Moglichkeit subjektiver Deutungen erhohen. Damit iviirde 
sich auch in dieser Hinsicht der praktische Wert der Methode 
vermindern. 

Wenn man die auf oben beispielsweise angefuhrte Art gewon- 
nenen Prozentzahlen als Beurtcilungsgrundlage benutzt, hat man 
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Tabelle 4. 

Ergebnissc dcr Unlctarme ausgorcchncten 

nls glcich gait, falls die S d- ^ Su.nnien- 

siiss »>»,„.,« o,s».-s •»c« 


Art dcr Ffillc 

O' 

o > 
a 

is 5- 

o' 

/u 

Abschwil- 

cliung 

Glcicli- 

bleibeii 

Steigernng 


dcr 

Sens 

j b il i t u 1 



Anzubl 

0/ 

/o 

.\n7.!ihl 

O’ 

i'O 

Tub. pulm. I 

■ 


20 

18 

3a 

10 

35 

Tub. pul in. II 



32 

17 

3'1 


31 

I'ub. pulin. Ill 

IQ 

la 

32 

21 

30 


32 

Tub. pulm. zusiunnicii . . 


-17 


50 

30.1 

Qj 

33.0 

Tub. inactivn 

12 



2 


10 


Plcuriti.s exsudativa .... 

■IS 

*> 

•1 

12 

2.5 


71 

Sonstige Tubcrkulose .... 

2 

1 


1 




Suspektc Tubcrkulose 

a 

2 


3 


■1 


Andcrc KranUhcilcn 

0 

1 


1 


7 


Gesunde 

83 

f. 

7.2 

8 

9,0 

00 

S3. 2 

BCG-Geimpric 

fi7 

33 

•)a.3 

It 

lO.'l 

23 

.313 

Zusjimmcii 

385 






die Frage zu cntschciden, wann das Ergelwis dcr Wicdcrliolungs- 
reaktion mit demjenigen dcr crslen Tultcrkulinprohe als gJcicli 
betraditet werdcji kami. Am cinfacl)s!tm wiirc cs jialiirlirl), die 
ResuJtate jiur dann als fd)ercmsliminend zu Jtozcicliiicn, -wenu sic. 
sich aiicli matheniatiscli dcckcn; dann wiirdc aher die Grujjpc so 
klein werden, dass sic jedc nenncnswcrlc praklisclic Bcdeuliuig 
verJiert; ausserdem ware die Ijiologischc BcrcciUigung eines so 
strengen Veriiallens zum inindosten fraglidi. Um dicse Frage zu 
entscheiden, gruppierle icli die gefundenen Rcsullalc in Tabcllcn 
derart, dass Tabelle 3 die Fallc umlasst, wo das aus dcr iilanloux- 
Wiederholungsreaktion licrvorgehcndc Rcsultat in bclrcff dcr 
48-Sld.-Werte als das gleicbe belracblct wiirdc, sofern dcr Unlcr- 
sclued zwischen der crslen und dcr ornculcn Priifung nicbl 10 V 
erreichte. In Tabelle 4 land die Gruppicrung in der WciscstalG 
dass das Rcsultat dcr 48-Sl<I.-Wcrtc fur flbereinstimmond gall 

mcht voile 20 % ausmaclile. D, Tabelle 5 schlicsslich vvurde das 
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Tabelle 5. 

Ergebnisse der iMantoux-Wiedcrholungsreaktion, wenn das Resultat nur dann 
als glcicE gait, falls die nach 48 Std. fiir beide Unterarme ausgereclmeten 
Mitlelwcrtc von zwcl Avinkelrcchlcn Rotungsdurclimessern einen Summen- 
unterschied zwischen dcr ersten und der erneuten Priifung ergaben, der nicht 

30 % crrcicble. 


Art der Fiille 

Anzalil 
der Falle 

Abschwii- 

chung 

Gleich- 

bleiben 

. Steigerung 


dcr 

Sensibilitat 


Anzabl 

0/ 

/o 

Anzalil 

/o 

Anzalil 

% 

Tub. pulm. I 

46 

9 

19 

27 

59 

M 

22 

Tub. pulm. II 

50 

13 

26 

25 

50 

19 

24 

Tub. pulm. Ill 

59 

13 

22 

29 

49 

H 

29 

Tub. pulm. zusammeu . . 

155 

35 

22.6 

81 

52.2 

39 

25.2 

Tub. inactiva 

52 


— 

4 


8 


Pleurilis exsudaliva .... 

48 

2 

4 

IB 

36 

29 

60 

Sonstige Tubcrkulose .... 

2 

1 


H 


— 


Suspektc Tubcrkulose 

9 

2 




3 


Andere Krankheitcii .... 

9 

— 




7 


Gesunde 

S3 

5 

6.0 

18 

21.7 

60 

72.3 

RCG-Geimpfte 

67 

26 

38.8 

21 

31.3 

20 

29.9 

Zusammeu 

385 








Gleiclilieitszeiclien dann gesetzt, wenn der besagte Prozentsatz 
gcringer war als 30. 

Wenn man die Resultate der Tabellen 3, 4 und 5 naher betrach- 
tet, gebt aus ihnen alien unzweideutig liervor, dass Absclnvacliung 
und Gleicbbleiben fur aktive Tubcrkulose sprechen, wahrend Stei- 
gerung bei Gesunden haufiger vorkomnit. Gibt man zuerst acht 
auf das Auftreten der Sensibilitatssteigerung bei Lungenkranken 
und bei Gesunden, so wird in Tabelle 3 sebon ein scbwacbes (10 %) 
Steigen mitgezablt, in Tabelle 4 ein starkeres (20 %) und in Tabelle 
5 ein nocb starkeres (30 %). Das Auftreten der Steigerung laut 
Tabelle 3, 4 und 5 bei Lungenkranken und Gesunden, in Prozen- 
ten ausgedriickt, ergibt die Zusammenstellung 1. 

Zusammenstellung 1. 

Mil Berticksichligung 

schwacher (10 %) massiger (20 %) starkercr (30 %) 
Slcigeriing Steigerung Steigerung 


Tub.pulm 43.9 % 33.6 % 25.2 % 

Gesunde 85.G % 83.2 % 72.3 % 
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Wie aus der obigen Zusammenstellung crsichthch, lasst sicb 
eine sclnvacbe Sensibilitatssteigcrung verbaltnismassig oft aucli 
in Fallen von Lnngcntuljerkulose beobacliten, aber jc starker 
die Steigerung ist, nm so bestimmtcr spricht sic gcgen aklive Tubcr- 
kulose. 

Studiert man aun das Vorkoinmcn tier Abscbwacluing bci 
Lungenkranken und Gesunden, so ergibt sicb in obcnbcscbi icbener 
Weise die Zusammenstellung 2. 

Zusammenstellung 2. 

Mil BL'nicksicliligiimj 

starker (30 %) Ab- aitcli tuiissipr (20 %) 
schwachung allcin Absclnvnchung 

Tub.pulm 22.G % 30.3 % 

Gesunde 6.0 % 7.2 % 


aticli schwiicbcr (10%) 
Aliscbwachuug 


38.7 

9.G 


O' 

/o 

0/ 

/o 


Die Zusammenstellung 2 zeigt, dass sebon cine geringe Ab- 
scbwacbung auf Lungcntuberkulo.se bezogen werden Ivaiin, alter 
dass eine starkcre Hemmung niebt ncnncnswcrl spezifiseber auf 
aktive. Tubcrkulosc bindcutot. 

Werden nun Absclnvacbung und gleicbos Resullat zusammen- 
gezahlt, so kommt man in der cntsprccbendcn Weise zur Zusain- 
menstellung 3. 


Zusammenstellung 3. 

Mil Beriick%ichligu}vj 

von Hcmnning n. von JTcmiiiung ii. 
gciiaucr Obereiii- 20 %fgcr Oberciii- 
stimiming (Tab. 3) sliniinung (Taj). <J ) 


TulJ-Pulm 5C.1 % 60.-1 % 

GesuDcic 14,4 % 


von I Jeiuiming u. 
30%igcr Cberoinslini- 
niiing (Tab. 5) 



Qf 

/O 


Aus Zusammenstclluiii; 3 grlit licn'or, il.iss mil Bcaclilujig dor 
Hemmung und dcs glciclicn Besullals zusammen das in Tal)ollc ^ 
vorge eg c Vertalircn sicl, fur dingnoslisclm Zrvcckc am boslon 
Cignet, (lenn Obermnslimmung dcs Rcsullals und Horamung n,- 
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Tabelle 6. 

Ergebnissc der Pirquct-^Viederliolungsreaktion, wenn das RcsuUat nur dann 
als glcicli gait, falls die nach 48 Sid. fiir beide Unterarme ausgerechnelen m 
tehverte von zwei winkclrecbten Rotungsdurchmessern eineii Summenunter" 
scliied zwiscben der ersten und der crneuten Erllfung ergabcn, der nicht 10 <y 

crreichte. 


Art der Fallc 

Anzalil 
der Falle 

Abschwa- 

chung 

Gleich- 

bleiben 

Stelgerung 


der 

Sensibilitat 


Anzahl 

0/ 

/o 

A.nzahl 

o/ 

/o 

Anzabl 

% 

Tub. pulm. I 

21 

13 

62 

4 


■1 

19 

Tub. pulm. n 

33 

16 

49 

5 

19 

19 

36 

Tub. pulm. Ill 

46 

21 

46 

6 

13 

19 

41 

Tub. pulm. zusammcn , . 

100 

50 

50.0 

15 

15.0 


35.0 

Tub. inactiva 

13 

2 


1 




Pleuritis exsudativa 

15 

6 


— 


9 


Sonstige Tuberkulose 

6 

3 


2 


1 


Suspekte Tuberkulose 

5 

— 


3 


2 


Andere Krankhcitcn 

13 

1 


1 


11 


Gesunde 

195 

85 

43.6 

33 

16.9 

77 

39.5 

BCG-Geimpfte 

49 

17 

35 

5 

10 

27 

^5 

Zusammeu 

396 I 







Wie aus den Tabellen ersichtlich, ist Sensibilitatssteigerung 
eine etwas baufigerc Erscheinung bei Gesunden, als in Fallen von 
aktiver Lungentuberkulose, — nach wclcher der drei obenbeschrie- 
benen Methoden man aucb die Gleichheit des Resultats bestiinmen 
moge. Der Unterschied ist indessen so gering, dass die Pirquet- 
Wiederholungsreaktion, wcnn die 48-Std.-Wcrte als Beurteilungs- 
grundlage dicnen, keine Rolle in der Diagnostik der aktiven Lun- 
gentubcrkulose zu spielcn sclicint, 

Man kommt also zu dem Scbluss, dass bei der Mantoux-Wiedcr- 
holungsreaklion die 48 Std. nach der Tnberkulinpriifung abgclcsenen 
Rcsullaie dann am ehesicn fiir ein gleiches Ergcbnis angeschcn werdcn 
konncn, ivcnn die Summen der Miitelwerie zwcicr winkelrcchler 
Rbinngsdurchmcsscr einen Unicrschicd ziuischen Ersi- und Wiedcr- 
holimgsreaktion aiifweisen, der nicht 20 % errcichi. Zugleich eigibt 
es sich, dass eine starke Steigenmg der SensibilUdi besondcrs charak- 
Icristisch fiir Gcsunde ist, ivogcgcn ein iibereinstimmcndes RcsuUat 
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Tabellc 7. 

Ergebnisse der Pirqucl-WiederiiolungsrcnklioTi, wcnn das Rcsullal inir dann 
a]s gleich gait, -falls die nach 48 Sltl. fflr bcidc Unlcrarmc ausgcrcclmclcn 
MiUehverIc vou zwei -winkclrcchlcn Rolungsdurchmcsscrn cinen Sunimcn- 
unterschied zwischen der crslcn und der crnculen Prufiiiig ergabeii, dcr nichl 

20 % crreichlc. 


Art dcr Falle 

Anzahl 
der Falle 

Abschwa- 

clutng 

Glcicli- 

bleibcn 

Sleigcning 


dcr 

S c n s i 1) i 1 i t a t 


Anzab; 

% Anzah' 

0/ 

/o 

Auzahl 

0/ 

/o 

Tub. pulm. I 

21 

12 

57 

6 

29 

3 

14 

Tub. pulm. 11 

33 

12 

36 

14 

43 1 

7 

21 

Tub. pulm. Ill 

46 

17 

37 j 

11 

24 1 

18 

39 



Tub. pulin. zusnmmen 

Tub. inactiva 
Pleuritis exsudaliva 
Sonstige Tubcrkulosc 
Suspektc Tubcrkulosc 
Anderc Krankhcilcn 

Gesunde 

BCG-Gcimpt tc 

Zusainmen 

" ' • - * f 

prufung (lersclhen Person Oi)orenipfij,dHcU-^^^^-’f riihcrkiilin- 
wenn 4 Tage zwischen den Reai-tL on i '' 

Tage spater eine deutliche Stci-reruna 

der Tuberkuiinwicderiiolungsreaktion ^ M^erl 

die in Frage stehende Paul monlichsl T ^nlls 

und zweitens deslialb, weiJ nieine Tl ^”^°^^^«dossen 

uuf Begutaciitungskrankc bezogen .jf sicl, zuin Toil 

'dungels ini Lazarett nidglicJisfc bald rT'' 
veriassen soliten, waiiJte ich 5 Taoe / 

-derhoiungsreaktionen. tni Srl^^. 

iiu> Jdarc zu koinnicn, oii 
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Tabelle 8. 

Ergebnisse der Pirquet-Wiederliolungsreaklion, Aveiin das Resultat nur dann 
als gleich gall, falls die iiach 48 Std. fur beide Unterarmc ausgercchncten 
Mittelwcrtc von zwei winkelrechten Rotungsdurchmesseni .cincu Sumnien- 
unterschied zwischcn der erslen und crneuten Prufung ergaben der uichl 

30 % erreichte. 


Art der Fklle 

- 

M c 

Abschwa- 

chung 

Gleich- 

bleiben 

Steigerung 

der Sensibilitat 

Anzahl 

<v 

/o 

Anzahl 




Tub. pulm. I 

21 

8 

38 

10 

48 

3 

14 

Tub. pulm. II 

33 

5 

15 

22 

67 

6 

18 

Tub. pulm. in 

46 

11 

24 

19 

41 

16 

35 

Tub. pulm. zusammen . . 

100 

24 

24.0 

51 

51.0 

25 

25.0 

Tub. inactiva 

13 



7 


6 


Pleuritis exsudativa 

15 

3 


3 


9 


Sonstige Tuberkulose .... 

6 

2 


4 


— 


Suspekte Tuberkulose .... 

5 

— 


3 


2 


Andere Krankheitcn .... 

13 

— 


5 


8 


Gesunde 

195 

52 

26.7 

91 

46.6 

52 

26.7 

BCG-Geimpfte 

49 

7 

14 

19 

39 

23 

47 

Zusammen 

396 





• 



irgendeiji anderer Zwischenraum giinstiger gewesen ware, erneute 
ich meine Prufung liei einem Teil des Materials nach 14 Tagen und 
bei einem Teil der gesundeji Webrpflichtigen nach einem Monat. 
Die Zahl der letztgenannten Gesunden war anfanglich uber 200, 
doch warden die meisten von ihnen nach der ersten Tuberkulin- 
priifung dienstlich abkommandiert; nur 34 Rekruten blieben 
zuruck und nahmen an der Prufung nach einem Monat teil. 

Die auf 48 Stunden beziiglichen Resultate derMantoux-Wieder- 
liolungsreaktion, als Gleichbleiben betrachtet, sofern der prozen- 
tuale Unterschied nicht 20 erreichte, und in drei Gruppen einge- 
teilt, je nachdem, ob die Zwischenzeit 1 Monat, 14 Tage oder 5 
Tage betrug, sind in Tabelle 9 eingetragen. 

Bei der Betrachtung der in Tab. 9 wiedergegebenen Resultate 
wird man in der Gruppe der Lungentuberkulosefalle darauf auf- 
merksam, dass bei einer Zwischenzeit von 14 Tagen die Sensibilitat 
nur in 15 % der Falle zunahm. Zwar kam auch bei den Gesunden 
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Tabelle 9. 


Ergcbnisse dcr Manloux-Wicdcrholungsrcaklioii bci Vcrwciulung vcrsdiieden 
laiigcr Zwischenzeilcn, wcnn die nach 48 Sid. fiir bci<Ic Uulcrarmc ausgcrccb- 
neten Mittclwerlc von zwei winkelrccblcn Roliingsdiirebnicsscrn cinen Sum- 
menunterschied zwisebcu dcr crstcu uiul dcr crneulcn Priifnng ergaber., dor 

nielli 20 % crrcicblo. 


m 


> 

a 

Absclnvii- 

Gleich- 


1 



N 

» 

cluing 

bleiben 

hicigcning 

Inter- 

Art dcr Fiillc 


1 


1 


1 


vail 

Cl 

O 

n 

dcr S c n s i b i 1 i t ii 1 

■ 


£ 

An- 

zobl 

% 

1 An- 
1 zabl 

1 

.An- 

zahl 

— 

0/ 

/o 


Gesunde 

1 

. 

8 


■ 

12 

02 


Tub. piilni. I 

10 

8 

4 

A 


4 

4 


2 



Tub. pulm. II 





Tub. pulm. in 







15 

9 


3 


.3 


14 

Tub. pulm. zusammen . . 

33 

17 

52 

11 

3.3 

5 

15 

Tage 

Plcuritis exsudaliva 

1 

1 







SousUgc Tubcrkulosc 

1 

1 







Suspcklc Tubcrkulosc 

1 


I 


■ 



Andere Kranklicilcn 

1 

1 

5 

I 





- 

Gesunde . . 

Zusammen 

38 

75 } 

13 

. i 

4 

1 

1 

2,0 1 

1 

-^1 
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eine Zunahme der Sensibilitat nur in 76 % vor; also ist die Stei- 
gerung der Sensibilitat um 11.5 % von dem Wert, den sie beidcr 
Zwischenzeit von 5 Tagen aufwies, gesunken. Indessen deutet der 
Sacbverbalt, dass in den Lungentuberkulosefallen die Sensibilitats- 
steigerung 15 % nacb 14 Tagen und 38 % nach 5 Tagen war, 
darauf bin, dass es vielleicht besser gewesen ware, ein langeres 
Intervall als 5 Tage zu walilen. Die Gruppe der Gesunden,wodie 
Zwischenzeit 1 Monat ausmachte, ist sehr klein, dock bringl das 
Resultat trotzdem, die Richtung zum, Ausdruck, dass sich beiGesun- 
den in der Maiitbux-Wiederholungspriifung sogar nock 1 Monat 
nacli der ersten Probe im allgemeinen eine Sensibilitatszunakme 
erkennen lasst. 

Die Ergebnisse der Mantoux-Wiederkolungsreaktion bei Be- 
nutznng verschi'eden longer Intervalle, wenn nur der Fall als Gleich- 
bleiben bezeicknet wurde, wenn nacb 48 Stunden die summierten 
Mittelwerte der fiir beide Unterarme ausgereckneten zwei winkel- 
rechten Rotungsdurckmesser in der ersten und der erneuten Probe 
einen Untersekied von weniger als 10 % aufwiesen, sind aus Tabelle 
10 zu erseken. Eine Priifung der Resultate ergibt, wenn es sich um 
ein vierzekntagiges Intervall kandelt, dass die zunehmende Sen- 
sibilitat darlegenden Lungentuberkulosefalle prozentuell von 15 
auf 24 gestiegen sind, was bei den Gesunden dem, Verhaltnis 76 
zu 79 entsprickt. Vergleickt man die Resultate bei funftagigem 
Intervall in den Tabellen 9 u. 10, so findet man, dass die in Prozen- 
ten ausgedriickte Sensibilitat in den Fallen von Lungentuberkulose 
von 38 auf 49, bei den Gesunden von 87.5 auf 91 gestiegen ist. 
Was das Auftreten der Hemmung bei Lungentuberkulose anbe- 
trifft, ist zu erwalmen, dass ihr Prozentsatz bei einer Zwiseken- 
zeit von 14 Tagen von 52 auf 67 zugenommen hat. Diese Beobacli- 
tung zeigt deutlich die Richtung an, dass sogar eine schwache 
Hemmung reckt stark fiir aktive Tuberkulose sprickt. 

In Tabelle 11 finden sick die Ergebnisse der Mantoux-Wieder- 
kolungsreaktion bei Benutzung verschieden langer Zwischen- 
zeiten; kierbei bezeicknet Gleickbleiben den Fall, dass der Unter- 
sekied zwiseken dem Resultat der ersten und der erneuten Probe 
geringer ist als 30 %. 

Im Vergleick mit den in Tabelle 9 mitgeteiltcn Ergebnissen, avo 
der Fall, dass der besagte Unterschied nock nickt 20 % crreickte, 
als Gleickbleiben betracktet wurde, kattc das Prozent der Sensibili- 
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Tabelle 10. 


Ergebnissc dcr Mani.oiix-'SYicdcrholungsrcakUoii bei VorweiuUing vcrsclucdcii 
langcr Zwischcuzcilcii, 'wcnn die nacb 48 Sid. ffir bcidc Unicraniic ausgcrcch- 
nclcn Millehvcrlcvon zvfciwinkclrechlcn Rolungsdurchmesscrn cincu Sunimcn- 
unlcrscbied zwiseben dcr crslcn und dcr crnenlcn Priifung crgalicn, der nicliL 

10 % erreiebte. 


Art dcr Falle 


3 Absclnva- Glcicb- 

S ebung blcibcD Ste.gerung 


dcr Scnsibiliiat 


% 



Tub. pulm. I 
Tub. pulm. II 
Tub. pulm. Ill 


Tub. pulm. zusammen . 


Tage Pleuritis exsudaliva . . 
SousUgc Tubcrkulosc . . 
Suspektc Tubcrkulosc 
Audere Krankhcilcu . . , 
Gesundc 

ZusammCn 


Tub. pulm. 1 gJ 

Tub. pulm. 11 ^2 15 

Tub. p ulm. Ill .... . . _ ’ J ^3 

Tub. pulm. zusanimeii ..ji 

5 Tub. iiiacliva 
Tage Pleuritis exsudaliva 
Sonstige Tubcrkulosc 
Suspektc Tubcrkulosc 
Audere Kraukbeilen 

Gesundc 

BCG-Gcimpfte . 


I Zusammen _ 




20 

GO 


11 


‘12 


1 


G 


S 

3 

29 


■)K 
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Tabelle 11, 

Ergebnisse der Mantoux-Wiederholungsreaktion bci Vcnveudung verscbiedcn 
langer Zwischenzeilen, wenn die nach 48 Std. fiir bcide Unterarmc aiisgc- 
rechneten Mittehverte voii zwei winkclrechten Rotungsdurchmesscfn cincn 
Summenunterschied zwischen der ersten und der crnculen Prufung crgabch 

der nicht 30 % erreichte. ’ 





> 

Abscbwa- 

Gleicb- 


1 




N 

» 

cbung 

bleiben 

slcigeruug 

Inter- 

val! 



V 




! 



Art der Falle 


fS* 


der 

Sensibilit at 






An- 


An- 


An- 





n 

zahl 


zahl 

% 

zahl 

% 

1 

Monal 

Gesiuide 

13 

1 

8 

■ 

1 

12 

92 


Tub. pulm. I 

10 

3 

B 

6 


B 

B 


Tub. pulm. 11 

8 

4 

■ 

4 

1 

■1 

B 


Tub. pulm. Ill 

15 

6 


6 

1 

3 

B 








Tub. pulm. zusammen 


33 

13 

39 

16 

49 

4 

12 

14 










Tage 

Pleuritis exsudativa 

. . . 

1 

1 


— 


B 



Soustige Tuberkulose . 

. . . 

1 

1 


— 


B 



Suspekte Tuberkulose 

. . 

1 

B 


1 


B 



Andere Krankbeiten . 

. . . 

1 

B 


1 


B 



riesiindc 


38 

B 

11 

8 

21 

26 

68 










Zusammen 

75 














. _ 


Tub. pulm. 1 

36 

6 


21 


9 



Tub. pulm. 11 

42 

9 


21 


12 



Tub. pulm. Ill 

44 

7 


23 


14 



Tub. pulm. zusammen 


122 

22 

18 

65 

53 

35 

29 

5 

Tub. inactiva 


12 

B 


4' 


8 


Tage 

Pleuritis exsudativa . 

. . . 

47 

B 


17 


29 



Soustige Tuberkulose . 


1 

B 


1 






Suspekte Tuberkulose 


8 

2 


3 


3 



Andere Krankbeiten . 

. . . 

8 

— 


1 


7 

69 


fiesnude .... 


32 





10 

31 

22 


BCG-Geimpffc 

67 

26 


21 


20 



r_;“i i 




Zusammen 
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Tabellc 12. 


Arl clcr FSllc 


't Abschwa- Glcich- sicigcrung 

g Chung blcibcn 

^ — T 

O' (1 e r . S c II s i b i 1 i > a ' 


2 Ar.- o, An- „/ ■‘^"- 
- zali) znhl 7.ahl 


Monal Gcsundc 

Tub. iiiilni. I 3 

Tub. pulni. n 5 

Tub. pulin. Ill 15 

Tub. pulm. zusannncn . . 

14 

Tagc Tub. inacliva 

Sonstige Tubcrkulosc 

Suspcklc Tubcrkulosc 

Andcre Kraukhcilcn 1 

Gcsundc 32 

Zusammcu 


Tub. pulm. I IS 10 

Tub. pulm. ir 28 0 

Tub. pulm. Ill 31 12 


Tub. pulm. zusammcn . . 


5 Tub. inacliva 12 

Tagc Plcuritis cxsudaliva 15 

Sonstige Tubcrkulosc 4 

Suspcklc Tubcrkulosc . . 2 

Andcrc Kranklieilen .... 12 

Gcsundc 142 

BCG-Gcimpftc 49 



Zusaminen 



58 -10.8 
10 20 


20 20..5 

20 53 
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tatssteigerung bei einer Zwischenzeit von 14 Tagen Lei Lane 
kranken von 15 bis 12 and bei Gesunden von 76 bis 68 abgenmj' 
men. Vergleicht man in gleicher Weise die Resuitate bei fiinf' 
tagigem Interval], so zeigt es sich, dass die Steigerung bei Lunger 
kranken prozentuell von 38 bis 29 und bei Gesunden von 87.5 bis 
69 gesunken ist. Damit kann auch mit Beracksicbtigung verschie- 
dcn Janger Intervalle festgestellt werden, dass im Mantoux-Wieder- 
holungsversucb — wenn das Resultat als Gleicbbleiben gait, soiern 
die summierten Mittelwerte der nach 48 Stunden fiir beide Untcr- 
arme bestimmten zwei winkelrechten Rotungsdurchmesser einen 
geringeren Unterscbied als 30 % zwiscben der ersten und der erneu- 
ten Priifung aufwiesen — die Prozentziffern der Steigerung bei 
Lungenkranken und Gesunden sich in der Weise unvorteilhaft 
einander genahert haben, dass sie bei den Gesunden nrehr gesun- 
ken sind als bei den Lungenkranken, woraus der Scbluss gezbgen 
Averdcn kann, dass es vorteilbafter ist, das Resultat dann als 
Gleicbbleiben zu betrachtcn, wenn der erwabnte Summenunter- 
scbied nicht 20 % erreicht. 

Die Ergebnissc der erneuten Pirquet-Reaktion bei verschieden 
langen Intcrvallen — wobei das Resultat nur dann als Gleicbblei- 
ben gait, wenn die nach 48 Stunden fur beide Unterarme ausgc- 
rechneten Mittelwerte zAveier winkelrecbter Rotungsdurchmesser 
einen Summenunterscbied von weniger als 20 % bei der ersten und 
der erneuten Priifung ergaben — wird an Tabelie 12 veranscbau- 
licht. 

Von den Resultaten sei erwalmt, dass bei 21 Gesunden, die 
nach 1 Monat der erneuten Pirquet-Priifung unterzogen wurden, 
15ma], d. h. in 71 % der Falle, die Sensibilitat gesteigert erschien. 
Nach einer Zwischenzeit von 14 Tagen war bei 17 von 32 Gesunden, 
d.h. 53 %, und bei 6 von 23 Lungenkranken, d.b. 26 %, eine Stei- 
gerung wahrzunebmen. Betrug das Interval! nur 5 Tage, so batten 
von 142 Gesunden nur 29, d. h. 20.5 %, Steigerung, wabrend die 
Lungentuberkulosefalle ein entgegengesetztes Verbalten zeigten, 
da in 22 von 77 Fallen, d.b. 28.6 %, Steigerung vorkam. Die 
Resuitate geben also deutlich dabin, dass in der erneuten Pirquet 
Reaktion, wenn die 48-Std.-Werte als Beurteilungsgrundlage 
dienen, 5 Tage eine zu kurze Zwischenzeit sind, Avogegen 14 Tagc 
deutlich bessere Resuitate liefern. Die Gruppe der Gesunden, wo 
das Intervall 1 Monat ausmachte, AAmr sebr klein; dock deutet sic 
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Tabelle 13. 

Ergebnissc dcr Mantoiix-Wicderholunpsrcaklion, -sYcnn tins Resiiltat mir dniiii 
als gleicli gait, falls die nacli 24 Sid. fdr beidc Unlcrarmc ausgcrccluielea Millel- 
wertc vou zwei winkelrochlcn Rolungsdiirclinicsscrn einen Sinnincnunlerschied 
zwischen der crsleii und der craciitcn PrQfung ergahen, dcr nichl 20% crrciclilc. 


Art der Fitlle 

Anzalil 
der Ffdl 

iVbschwa- 

chung 

Glcicli- 

blcibcn 

Stcigcning 

der S c n s i b i 1 i t ii 1 


n 

.-Vuzah 

> % 

Anzal 

1 % 

Anzalil I % 

Tub. pulin. I 

46 

5 

11 

15 

33 

26 

56 

Tub. pulm. II ... 

50 

7 

M 

13 

26 

30 

00 

Tub. pulm. Ill ... 

59 

s 

13 

30 

51 

21 

36 

Tub. pulm. zusammen . . 

155 

20 

12.9 

58 

37.4 

77 

49,7 

Tub. inactiva 

12 

1 


2 




Pleuritis exsudativa 

48 1 


__ 

14 

00 



Sonstige Tubcrkulose I 

oj 

1 

1 

1 

M kJ 

«vl 

71 

Suspekte Tubcrkulose .... I 
Audere Kranklieileu 

Gesunde 

BCG-Geitnpflc 

Zusammen . . . 

9 

9 

83 

67 

385 

2 

2 

3 

2.4 

4.5 

2 

2 

5 

10 1 

6.0 

14.9 

5 

7 

70 

54 

91.6 

80.6 


«lcr cmoulen Tul,crIt,,)ttre“SV 

werden, dass die Maniour VfncH / • “ ^”'”wifa.s.sej)d fie.sayl 

^^^^^^^>dasseinldngercsInlcrvcdlJh^^ hin- 

gewesen ware. • olage moghcherwcise giinsfigcr 

Rranllate sludicrl, Icann die Fn,! ,|er 

Wter ist, die We^e Cn 43 fSTf ‘ 

24-Std.-Werten fussenden Fra i • ltcnulzen„ Bi^ nuf 

resktion, wo],ei das Resul w airn ^ n 

WiM der Untersehied der 'i„ cj 'a ' , "’"rde 

neten Mittolwerie woniger als 20 “ ""'S-™'.: 

'«'„g.f.„de„siel,i„x„i,e|ie,,, 
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Tabelle 14. 

Ergebjiisse der ]Mantoux-'Wiederliolimgsreaktion, v,-enn das Resultat nur dinn 
als gleich gait, falls die nach 24 Std. fvir beide Unterame ausgerecbnelen Mittpl 
werle von zwei winkelrecMen Rotungsdurchmessern einen Summenuntcrschied 
zwischen der ersten und der erneulen Prufung ergaben, der nicht 10 J errcichlc 


' Art der Falie 

Anzahl 
der Falle 

Abschwa- 

chung 

Gleich- 

bleiben 

Steigf 

rung 


der 

Sensibilitat 

Anzahl 




\nzah. 

0/ 

/o 

Tub. pulni. I 

46 

8 

17 

9 

20 

29 

63 

Tub. pulm. 11 

50 

10 

20 

6 

12 

34 

68 

Tub. pulm. Ill 

59 

13 

22 

14 

24 

32 

54 

Tub. pulm. zusammen . . 

155 

31 

20.0 

29 

18.7 

95 

61.3 

Tub. inactiva 

12 

1 


1 


10 


Pleuritis exsudativa .... 

48 

1 

2 

6 

12.5 

41 

85.5 

Sonslige Tuberkulose .... 

2 

1 


■ — 


1 


Suspekte Tuberkulose .... 

9 

2 




7 


Andere Krankheiten .... 

9 

— , 


1 


8 


Gesunde 

S3 

3 

3.6 

1 

1.2 

79 

95.2 

BCG-Geimpfte 

67 

7 

10.5 

5 

7.4 

55 

82.1 

Zusammen 

385 








Tabelle 15. 

Ergebnisse der INIantoux-Wiederholungsreaktion, wenn das Resultat nur dann 
als gleicb gait, falls die nach 24 Std. Wr beide Uiiterarme ausgerechneten 
Mittelwerte von zwei winkelrechten Rotungsdurchmessern einen Sunimen- 
unterschied zwischen der ersten und der erneuten Priifung ergaben, der nicht 

30 % erreichte. 


Art der Falle 

Anzahl 
der Falle 

Absclnva- 

chung 

Oleich- 

bleiben 

Steigeruhg 


der 

Sensibilitat 


.'Vnzahl 

/o 

Anzahl 

0/ 

/o 

Anzahl 

0/ 

/o 

Tub. pulm. I 

46 

2 

4 

26 

57 

18 

39 

Tub. pulm. II 

50 

2 

4 

25 

50 

23 

46 

Tub. pulm. Ill 

59 

7 

12 

34 

58 

18 

30 

Tub. pulm. zusammen • ■ 

155 


7.1 

85 

54.8 

50 

38.1 

Tub. inactiva 

12 



3 


9 


Pleuritis exsudativa • • • • 

48 



19 

40 

29 

00 

Sonstige Tuberkulose .... 

2 

1 


1 


* — ' 


Suspekte Tuberkulose .... 

9 

1 


3 


5 


Andere Krankheiten • • • • 

9 

— 


3 


6 


Gesunde . 

83 

1 

. 1.2 

10 

12.0 

72 

86.8 

BCG-Geimpfte 

67 

3 

4.5 

17 

25.4 

47 

70.1 

Zusammen 

385 
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AARNE HONKAKEN. 


In bezug auf die obigen Resultate sei envahnt, dass 49 7 o/ 
Lungentuberkulosefalle und 91.6 % der Gesunden eine gesteigcrle 
Sensibilitat zeigten. Die Steigerung ist also in beiden Gruppcn 
haufiger als nach 48 Stunden (Tab. 4), aber wahrend nur bei 8.4 % 
der Gesunden Hemmung und einmal Gleichbleiben vorkam, war die 
entsprechende Prozentziffer in den Lungentuberkulosefallen ehva 
sechsmal so hoch, d. h. 50.3 %. Somit haben aucli die 24-Sld.- 
Werte einen bedeutenden diagnostischen Wert fiir die. Fragc von 
etwaiger Hemmung oder Gleichlieit. 

Wenn man bei der erneuten Mantoux-Priifung nacli 24 Stunden 
das Resultat als Gleichbleiben betrachtete, wenn der Summen- 
unterschied der fur beide Unterarme ausgerechneteh Mittchverte 
zweier winkelrechter Rdtungsdurchmesser kleiner Avar als 10 bzAv. 
30 %, kommt man zu den in Tabelle 14 und 15 mitgeteilten Resul- 
taten. 

Wie aus den Tabellen 14 und 15 hervorgeht, sind auch nach 2^1 
Stunden Gleichbleiben und geringe Absclnvachung sehr typisch 
fiir die Lungentuberkulose, und die Steigerungen, die in den Liin- 
gentuberkulosefallen auftreten, sind zum grossen Teil von geringer 
Starke. 

Ebenso Avie mit den 48-Std.-Werten verhalt es sich auch mil 
den 24-stundigen in bezug auf Abschwhehung und Gleichbleiben 
als Symptom der Lungentuberkulose: die BerechnungsAveise gibl 
namlich das scharfste Resultat, avo nur das als Gleichbleiben gill, 
Avenn der Summenunterschied der fur beide Unterarme ausge- 
rechneten Mittelwerte ZAveier Rdtungsdurchmesser weniger als 
10 % ausmacht. Betrachtet man Aviederum die Steigerung der 
Sensibilitat als ein Gesundheitszeichen, so kommt es am dcul- 
lichsten zum Vorschein, Avenn die besagte Prozentziffer niedriger 
ist als 30. Der beste Mittehveg ist also, die Grenze bei 20 zu 
setzen. 

Um einen HinAveis dafiir zu erhalten, Avas fiir etAvaige Vorleilc 
die Benutzung der 24- und 48-stundigen Werte zusammen hei der 
Beurteilung der Resultate der erneuten Mantoux-Reaktion darhic- 
ten, Avenn der Summenunterschied der fiir beide Unterarme aus- 
gerechneten DurchmesserAverte kleiner ist als 20 %, sind in Tabelle 
16 die auf 24- und 48-stiindigen Werten fussenden Resultate Avie- 
dergegeben. 

Wie aus der obigen Zusammenstellung hervorgeht, zeigten 2 
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Tabelle 17. 

ais gleich gait, falls ^ f,. p.(5^„,„,;rtiircl»nc.sscrn 

r— fr o’Jrrs^o...... *r .« % 


Art (Icr. Fallc 

■ 

Anzahl 
der Falle 

Abscliwfi- 

cluiug 

Gleich- 

Idcibcn 

Stcigerung 


der 

S e u .s i b i I i t u t 


Aiizablj % 

[Auzahl] % 

Anzalil % 


21 

G 

29 

8 


7 

33 

Tubl. pulin. 11 

33 

13 

39 

14 


G 

18 

Tub. pulin. Ill 

4G 

13 

28 

21 

40 

12 

20 

Tub. pulm. 2 usammou , . 

100 

32 

32.0 


43.0 

25 

25 1) 

Tub. inactiva 

m 

1 


4 


8 


Pleiiritis exsiidaliva .... 

m 

5 

33 

4 

27 

G 

(0 

SonsUgc Tubcrkulose .... 

G 

3 


2 


1 


Suspeklc Tubcrkulose 

5 

1 


— 


1 


Andcrc KrankheUen 

13 

1 


2 


10 


Gesundc 

195 

2G 

13.3 

C3 

32.3 

too 

51.4 

BCG-GcimpItc 

49 

13 

2G.5 

23 


13 

20,5 

Zusammen 

39G 








Gesuncle, cleren Sensihililat iiacli 24 Sluiulcn al)ge.sch\vachl war, 
aucli nach 48 Stvinden (iic.sclhc Er.sclu‘ijjun«. In den Lunt^enluhor- 
kulosefallen land man nach 24 Stunden i)c*i 12.0 % , und hei eim*m 
Vierlcl (3.2 %) dersell)en nach 48 Stiimhn Ah.sclnviicliung, cin 
Ergebnis, welches der vorlicgondcn Unicrencliung nach cbcnfaHs 
auf aktive Tubcrkulose hindculct. 

Somii kann aho die Vemendung der 4S- imd 2J-.sU'iiuUgen 
Wcrle zimmmcn einen klcincn diagnosUschen IlUfsbcitrag ziun 
erneuien Manlovx Uefern. 


Die bei der Pirquct-'Wiedcrliolung.spriifung auf Grand des 2-1- 
^imdigen Wertimtcrscliicds aii.sgerechnelen ne.suUale .sind in 
Tabelle 17 zusammengeslellt. 

Vcrglcicht man die Resultalc der I.TOgctiUihcririilosc mil ilra- 
jcmgcn-der Gmmden. so crgibl os sicli, dass sic hossor sind ols rlic 
naeg don dS-Std.-Wcrlcn (Tai,. 7 , ansgoroCnolon. nX t ^ 
ngonkrankon zoiglon Scnsibiliimssloigorung, iviil.rond von 1115 
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Tabelle 18. 

Ergebnisse der Pirquet-Wiederholungsreaktion, wenn das Resiillat nur dint, 
als gleicb gait, falls die nach 24 Std. fttr beide Unterarme ausgerechnelen MittX 
wcrte von zwei winkelrechten Rolungsdurchmessern einen Summenuntcrscbieti 
zwiscben der ersten und der erneuten Prufung crgaben, der nicht 10 %erreichte 


Art der Fiille 

Anzahl 
der Falle 

Abschwa- 

chung 

Gleich- 

bleiben 

Steigerung 


der 

Sensibilitat 


Anzahl 

<v 

/o 

Anzahl 

0/ 

/o 

Anphl 

% 

Tub. pulm. I. '. 

- 21 

m 

48 

2 

9 

9 

43 

Tub. pulm. II 

33 

19 

49 

6 

18 

11 

33 

Tub. pulm. Ill 

46 

19 

33 

10 

22 

21 

45 

Tub. pulm. zusammen . . 

100 

4l 

41 

18 

IS 

41 

-41 

Tub. inactiva 

13 

2 




8 


Pleuritis exsudativa .... 

15 

5 




7 


So}istige Tuberliulosc . 

6 

3 




1 


Suspekte Tuberkulosc .... 

5 

1 




4 


Andcre Krankbeiten .... 

13 

1 


1 


a 


Gesundc 

195 

42 

21.5 

38 

19.5 

115 

59.0 

BCG-Geimpftc 

49 

21 

43 

10 

20 

18 

37 

Zusammen- 

396 








Gesunden 106, d. h. 54.4 %, bei der erneuten Prufung Steigerung 
aufwiesen. 

Der erncute Pirquet legt also wenigstens in den hier unter- 
suchten Fallen dar, dass der Unterschied der 24-stundigen Werte 
eine grossere Rolle spielt als derjenige der 48-stundigen. 

Gruppiert man nun die auf 24 Stunden beziiglichen Ergebnisse 
des erneuten Pirquet in der Weise, dass ein unter 10 % liegeiider 
Summenunterschied zwiscben den Mittelwerten zweier winbel- 
rechter Rotungsdurchmesser an beiden Unterarmen die gleiche 
Sensibilitat bezeichnet, so kommt man zu den in Tabelle 18 mit- 
geteilten Resultaten. 

Ein Vergleich zwiscben diesen und den in Tabelle 17 stehenden 
Resultaten ergibt, dass das Steigerungsprozent in den Lungen- 
tuberkulosefallen von 25 auf 41 und bei den Gesunden von 54.4 auf 
59 zugenommen hat. Also ist die Prozentziffer der erhohten Sen- 
sibilitat bei den Lungenkranken mehr gestiegen als bei den Gesun- 
den, was also denselben Sachverhalt darlegt, den wir aucb im erneu- 
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Tabelle 19. 


Ergebnisse dcr Pirqucl-Wiedcrholungsrcaktioii, wcnn das ResuUal mir daiin 
als gleich gait, falls die nach 24 Std. filr bcidc Unicrarmc ausgcrccbnclcn Mitlcl- 
■\verte von zwci winkclrcclitcn Rolungsdurclnncsscrn ciiicn Summciiunlcr- 
schied zwischen dcr crsten und der crnculen PrUfung ergabcn, dcr nicIil 30 % 

crrciclilc. 


Art dcr Fallc 

3 

Abschwa- 

chung 

Glcich' 

blcibcn 

Steigerung 

dcr S c n s i b il i t a t 

- 

o 

Anzab 

1 % .\nzal 

1 0/ 

* /o 

Anzal 

l| % 

Tub. pulm. I 



9 

m 

M 

n 

il 

Tub. pulm. II 


4 

12 



■1 

Bi 

Tub. nulm. IIT ... 

j 46 

9 

19 


1 59 

1 

HI 

Tub. pulm. zusammen . . 

1 100 

15 

15 

6S 

GS 

17 

17 

Tub. inactiva 

13 

1 


.} 


0 


1 PJeuritis exsudaliva 

15 

3 


C 




1 Sonstige Tuberkulosc 

G 

1 




b 


Suspekte Tuberkulosc 

5 



<> . j 


j 


•\nderc Krankhcilcn .... 

13 





3 


Gesundo 

BCG-Gcimpftc 

Zusammen j 

195 

49 

396 

14 

G 

_i 

7.2 

12 

89 

31 

45.G 

70 

9 

92 

9 

47.2 

IS 


wonn der bcsagtc Vnlcrschk^k^^^f 

zunelimeb. Audi dicsc Enrcbnil > Slcigeruiig Avn),,-. 

rungen auflreten als bei Gcsujidcn Das v’^ri°p Slcige- 

prozente zwischen LungenknnJ-en i ^ ‘^‘^'j^i'niiigs- 

vorteilhafter, als ^vcml die " G«»nclcii isl i„ der Tal 

"ael, de„n.i„ter20 % .uruckblc i "Sr 

m^ber ,„ Analogic mil den Bcrcdm^ UnU.rsdud rid, let (T,,;,. 
^y'c*rM„„gcreamon rid, ion STT 

■fc'-Srtmjsc hi dcr PirguC- 
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Tabelle 20. 

Ai f 2'}-Sld.-Wcrlcn fusscndc Ergcbnissc dcr PirqiiclAVkderliolungsrcaklion 
bci VcrwtMuIung vcrscbicdcu langcr Zwischcnzcilcn, wcnn die fiir bcidc Uuler 
armc ausgcrcclinclcn jriUchvcrlc you zwci winkelrccbtcn Rotungsdurch- 
incsscrn ciiicn Suininpj)ij)ilcrsc]j5cd zwjsrficH dcr crstcn vnd dcr crneuten 
Prlifung crgabcn, dcr nicbt 20 % errcichle. 


Inlcr- 

vall 


Monal Gcsundc 


~ Abschwa- Gleich- . 

6 cltung blciben Stcigerung 

g- dcr Sensibilitat 



Tub. inacliva 

Sonsligc Tubcrkulosc 
Susiteklc 'J'tibcrkulosc 
Andcrc Krauklicilcn 
Gcsundc 


Tub. pulin. I 

Tub. puliu. II 

Tub. pulm. Ill 

Tub. pulm. zusammeii 

5 Tub. inacliva 

Tagc Pleiirilis cxsudaliva 
Sonsligc Tubcrkulosc 
Suspcklc Tubcrkulosc 
Andcrc Krauklicilcn 

Gcsundc 

liCG-Gcimnffc 

Zusainnien 
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Wiederholmgsrcaklion im Folgendm danach, dass die Grenzc des 
Gleichbleibens bei einem Unicrschied von wcniger als 20%gczogen wird. 

Wenn man in der Pirquet-Wiederholungsreaktion die Resultalc 
auf Grand des Untcrschieds dot 24-Std.-Wertc, nacli Intcwallcn 
von 1 Monat, 14 und 5 Tagen in Gruppen emteilt, crgibt sicli 

Tabelle 20. 

Wie ersicbtlich, trat bei 21 Gesunden, bci denen die emeu to 
Pirquet-Probc nach einem Monat stattfand, IGmal, d. b. in 76 %, 
Steigerung der Sensibilitat auf. Belrug die Zwisclicnzcil 14 Tage, 
zeigten 2, d. h. 9 %, Steigerung; dassdbc war bci 21, d. Ii. 66 %, 
von 32 Gesunden der Fall. In 78, nacli 5 Tagen unlcrsuclifcn 
Lungentuberkulosefallen kam 23mal, d. h. in 29 %, Steigerung 
vor, wahrend 69 von 142 Gesunden, d.h. 49 %, bei crnculcr Prii- 


fung gesteigerte Scnsibililat zeigten. 

Die Resultate weisen darauf bin, dass die Pirqiict-Wicder- 
liolungsreaktion nocli nacli einem Monat Steigerung bci Gc.sundcn 
aufweist. Dabci zeigte es sicb reebt dcntlicli, dass die gcwiiblle 
funftagige Zwisclienzcit zu kurz war, aber dass cin M-tiigigc.s Inler- 


vall zu besseren Rcsultatcn gcfubrl liallc. 

Zusammonfassend kann von der obcnbescbriebcneii klelbodik 
gesagt werden, dass cs ini crncutcn Manloux die braucbbarsle 
]\Iethode ist, das Ergebnis als Glcicbblciben zu bezeiebnen, veim 
man fiir die Rolungen, die durcli Impfung an zwoi versebiedenen 
Stellen her\>'orgerufcn sind, die Mittehvertc zweicr v’inkclrecbter 
Durcbmesser bestimmt und ilircn Sumnienuntcrscbied bei ' der 
erslen und der erneuten Reaklion kleiner findet als 20 %. Dnbei 
hat es sich aucb gezcigl, dass sebon cine gcringe Ab.sclnvacbung 
im erneuten Mantoux sebr typiseb i.st fiir die Lungentuberkulose 


und dass die in Lungentuberkulosefallen vorkommenden Sleigo- 
rungen zu einem rclaliv grossen Toil von gcringer Starke .sind, 

Im ernculcn Mantoux is! cs oorlciUiajlcr, den von den dS-Sld.- 
Werlcn dargckgicn Unicrschied als Bcuricilungsgnmdlage. :u br- 
nutzen, wahrend im crnculcn Pirqacl die Untcrscliicde der 2PStd - 
Wcrle cnischicdcn bcsscrc RcsuUafc geben. Bci Venvendun» deV 
etztgenannten Wcrle crbalt man im ernculcn Pirquet brauebbarere 
Resultate, wenn das Gleichbicibcn der Scnsibililiil .sicb nacli einem 
Unterschied unter 20 % ric!,tc(. AucI, die erm.ule Pirquel-Prilfu,,;; 

.rgelegt, dass die hci Lungentuberkulose aurtrciciule Sleb'c- 
rung meistens nur clue geringfiigige isl. ^ 
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Bei meincn Versuc/ien, zu erjorschen, welches Intcrvall in der 
Tuberkulinwiederholungsprobe das braiichbarsie ware, fand kb 
dass U Tage im crneuien Manioux viclleicht eiwas bessere Resullak 
licfern als 5 Tage, aber dass im crneuien Pirquct U Tage ganz 
dcutlich cine giinsligere Zwischcnzcii bildcn, als 5 Tage 


Klinische Ergebnisse. 

In der folgenden Darstellung cles Verlaufs dernach Krankheils- 
gruppen geordnet stattfindenden Tulierkulijiwiederholungsprufung 
wird das Resultat als Gleichbleibcn der Sensibilitat betrachtet, 
wenn die fiir beide Ujiterarme ausgereclmeteji Mittelwerte zweier 
winkelrechter Rdlungsdurchmesscr einen geringeren Sutnti\en- 
unterscbicd ZAVischeji der ersteji und der erjieuten Reaktion erge- 
ben, als 20 %. Im erneulen Mantoux kamen die nacb 48 Stunden, 
im. erneutcn Pirquet die nacb 24 Stnnden ge^vonnenen 'Werte zui 
Anwendung. Verscbieden lange Intcrsfalle nairden sowoJil bei der 
Mantoux- vide bei der Pirquet-Wiederbolungsprufung vervfendet, 
dock werden die Resultate trotzdem im Folgenden zusammen vor- 
gelegt, obwobl die Benutzung verschiedener Zwiscbenrautne in 
gewisscm Grade voneinander abweicliendc Resultate bewirktc. 

Die Ubersicht der in den einzelnen Krankheitsgruppen geAvon- 
nenen Resultate findet sich fur Mantoux in Tal)elle 4 und fur Pir- 
quet in Tabelle 17. 

Liingeniubcrkulose. Es wurden im ganzen 255 Falle von aktiver 
Lungentuberkulose untersucht, davon 155 mit der Mantoux- und 
100 mit der Pirquet-Wiederholungsreaktion. 

Im erneuten Mantoux zcigten von 155 Lungenkrankcn 47, d. b. 
30.3 %, Absclnvacbung, 56, d. h. 36.1 %, gleicbes Resultat und 
52, d. b. 33.6 %, Steigerung. Nacb dem Krankbeitsstadium (Uin- 
fang der Veranderungen) eingcteilt, war die Sensibilitat in 46 
Fallen I. Grades 12mal, d.b. in 26 %, abgcscbwacbt, ISmal, d.b. 
in 39 %, unverandert und 16mal, d.b. in 35 %, gesteigert. Von 
50 Fallen II. Grades zcigten 16, d.b. 32 %, Abscbwacbung, 17, 
d.b. 34 %, gleicbes Resultat und ebenfalls 17, d.b. 34 %, Steigerung. 
Falle III. Grades gab es 59, davon 19, d.b. 32 %, mit Ab- 
scbwacbung, 21, d.b. 36 %, mit gleicbcm Resultat und 19, d.h. 
32 %, mit Steigerung. 
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Wio or^icWlich, Sind die Pro.c„Uiftcrn in vc«oWedoncu Kv* 
hcitsslndto .mgetal.r die gleicl.cn, ''’“'’f ‘"’V'’' ™ , ‘„,l, 

MnnlouvRcakaon wdcv im Anfangssladunn do.- ^ 

i„ weilcr forigcsohriUoncn Fallen l.esondors lyp.sel. 
gleiclitman aber die RcsuUate dor Taboll™ 3, -1 und m. in.tom- 
ander, dass man die ProzentHtfern dor SleigonDigstalle in . 
cinzolnen Stadien dor Lungcnluborlculoso nacbe.nandm- rc.l.l, 
ic nadidem, ob die licobaclilolc Sloigcriing schwacb (10 %), inasMg 
(20 %) Oder slarlicr (30 %) war, so ergibt sifli die Ziisal.m.en- 

slellung 4. 

ZusammenstcUun^ 4. 

MU Bai'ickxichligtmff 



schwiichcr (10 %) 

luri'isifUT (20 %) 

sirirbert r (lie %) 


SlcigcniiiK 

Sleiprriinu 

.SlcierrHH^’ 

Tub. piihn. 1 

-10 % 

or. O' 

/o 

•>'> O ’ 

/O 

Tub. pulm. 11 

-58 % 

•\.i O' 

*).! 

Tub. puliu. in 

30 % 

T> 

jti 

'>0 O' 

,0 


Man findc-t hicr, dass die ProzeiUziffern dev Sleigerung im I, 
und rr. Stadium clcr Lungcnluhcrkiilosc scliiiiTer nldalloJi nls ini 
in. Stadium, weim ausscr den scluvachen Stoigorungen auch <lie 
massigen (20%) und dann die slarkercii (30%) InTiieksicIiligl wer- 
dcn. Dicser Sacliverluill scincrseils logl wiedorum dnr, dnss 
sclnvachcrc Sleigcningcn liaufigcr ini 1. und 11. Stadium der Lun- 
geniuberkuiose al.s im III. Stadium derseiben vurkommen. Jn 
dm cinzclnm Sladicn dcr Lnnijmiubcrhihsc zcUjl die unedethoUe 
Manlonx-Rcaldion imgcfcihr deissclbe Verhallvn. indrin vlwa tin 
DriUd dcr Fade gcskiffcric SrnsibilUiil anfwrisd ahrr .Kclmminre 
Stdgcnmgcn im I. and II. S/adium der Kranidicil hmjiger ah im 
III. Sladium aiiflrckn. 

Einc Bclrachtung dcr RcsuUate dcr PirquclAVictlcrJmlimg.s- 
rcaktion ergibt, dass von 100 Lungenlubcrkulo.scfallcn 32 
Abscluvachung, 43 % GleicJiblciben und 2.") % Sleigerun** aiif- 
wesen. Ebenso wie, olien in drei Krankbeilsstndien klassifizierl 
fand man in 21 Fallen von Lungcntuberkulosc 1. Gradc.s secbsnml. 
ft. b. m -9 %, erne abgesclnvacbtc, ncbtinal. d.b. in 38 eiiu- 

/,. rail Absclnvaehung, M, ,u,. .,3 %, mil gloieiu.,,, Hosnitai 
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Tabelle 21. 


Vcrglcich zwischen den auf 48-Std.-Wcrtcn fussenden Ergebnissen der Mantoux 
Wiedcrholungsreaktion in betreff der ohne und mil Pneumothorax behandelten 
Fallc von Lungentuberkulose. 


Art der Fallc 

Anzahl der Fiille 

Absehwa- 

chung 

Gieich- 

bleiben 

Steig 

srung 


der 

S e n s i b i 1 i t a t 

An- 

zahl 

/o 

An- 

zahl 

% 

An- 

zahl 

0/ 

/o 

Tub. pulm. I ohne Pneumoth. art. 

29 

7 


16 


6 


Tub. pulm. II ohne Pneumoth. art. 

25 

9 


8 


8 


rub.nulm. Ill ohne Pneumoth. art 

48 

16 


17 


15 


Zusammen 

102 

32 

31 

41 

40 

29 

29 

Tub. pulm. I mit Pneumoth. art. 


5 


2 


10 


Tub. pulm. II mit Pneumoth. art. 


7 


9 


9 


Tub. milm. Ill mit Pneumofli. prt. 


3 


4 


4 


Zusammen 

53 

15 

28 

15 

28 

23 

44 


und 6, d.h. 18 %, mit Stcigerung. Von 46 Fallen III. Grades 
zeigten 13, d.h. 28 %, Abscliwachung, 21, d.h. 46 %, Gleichblei- 
ben und 12, d.h. 26 %, Steigerung. Unter den Fallen 11. Grades 
war die Menge der Steigerungen am geringsten, namlich 18 %, 
doch ist die Anzahl der Fallc in den einzelnen Gruppen iiberhaupt 
so klein, dass sic keine besonderen Schliisse erlauben durften- 

Beim Studium der elwaigen Wirkung der Kollapsbehandlung 
auf die Tuberkulinwiederholungsreaktion wurde nur der Pneumo- 
thorax beriicksichtigt, denn die sonstigen Kollapsbehandlungs- 
falle meines Materials bestanden nur aus ganz wenigen, vor ver- 
schieden langen Zeiten ausgefuhrten Thorakoplastiken oder Phreni- 
koexhairesen. Die mit erneutem Mantoux imtersuchten Lungen- 
tuberkulosefalle, die wahrend der Untersuchung Pneumothorax- 
behandlung erhielten, waren 53 an der Zahl. Der Vergleiclidieser 
Falle mit den ohne Pneumothorax behandelten ist in Tabelle 21 
wiedergegeben. 

23 der untersuchten 53 .•Pneumothoraxfalle, d.h. 44 %, zeigten 
bei erneuter Mantoux-Priifung Steigerung der Sensibilitat, wahrend 
bei 102 anderen Fallen nur 29 mal, d’.h. in 29 %, eine solche nacli 


zu-sveisen war. 
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Tabelle 22. 


Vcrgkich 2 ^^•)scbcn den ant 48-Std.-Wcrtcn fussenden Ergebnissen der nacb 
5 Tagen ^s•ic(IerboUcn ^lanlonx-Rcaktion in betrett der olmc uiul mil Pneumo- 
lliorax bchantlKUen Ffibe voti LungeiiUiberknlose. 


Art der Falle 

I 

AbsebAva- 

chuiig 

Gleich- 

bleiben 

Steigerung 


der 

Sensibilitiit 

lil 

An- 

zaUl 

0/ 

/O 

An- 

zahl 

% 

An- 

zahl 

0/ 

/o 

Tub. pnim. I ohne Pmumoth. art. 

21 

4 

■ 


■ 

5 

■ 

Tub. pulm. II ohne Pneumoth. art. 

24 

8 



■ 

8 

■ 

Tub. palm. Ill ohne Pneiimntb. nrl. 

34 

8 

HI 

14 


12 

H 

Zusammen 

79 

20 

25 

34 

43 

25 

32 

Tub. pulm. I mil Pneumolh. art. 

15 

4 


m 


9 


Tub. pulm. n mil Pncumotli, art. 

18 

4 




9 


Tub. pulm. Ill mit Pnenmotb. nrl. 

IS 

2 


m 


4 


Zusammen 

m 

10 

23 

11 

25 

22 

hi 


Uni zii erforsclicn, 'wclchcn Antei! die Bcnulzung vcrschicdcn 
langcr Inlcrvallc bei der Mantoux-Wiedcrholungsrcaktioji cven- 
lucll an dem Untcrscliicd zwischen den cnvalintcn Prozentzahicn 
besitzt, Avurdon in Tabelle 22 die nacli 5-tagigcm iind in Tabelle 
23 die nach M-liigigem Intcrvall untersiichten Falle, in gleiclicr 
Weise verleilt, cingetragon. 

Die Zahl der nach 5-(agigein Intcrvall iinlersuclilen Pneiimo- 
Uioraxfalle betrug 43, von denen 22, d.h. 51 %, cine gesteigerle 
Sensibditataiifwiesen. DicLungcntubcrkulosefalle, dicAvabrend der 
Unlcrsuchungszeit koine Pneumotlioraxbebandlung erhiclien nnd 
nach a-lagiger ZAisebenzeit gcpriifl Avurden, Avaren 79 aji dor 
Zahl, davon 25, d.h. 32 %, mit Steigerung. Von den 10 nach U- 
lagiger Zj.schcnzeit unter^ucliten Pneumothoraxfallen zcigle 1 , 

< -l>- ^0 /o, gesteigerle Sensibilitat Falle ohne Pneumothorax, 
,, 47" ''"/T,™- '■*. Vcnvcnclung k™, g«l, 

hi ilso ™°" t’ I " Aus tlcn ncsiiKatm 

sucl, to Pill, 77“; r '■‘•’"S'*'"' ai'™" Mter- 

4 ”“7"';';™'’ ira gnito Materia! zam Vor- 

. c 11 korameden Uiitorsc|,i,d zwisclien i!,,, Fallen mil ii„d 
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TabeUe 23. 


Vcrglcicli zwisclicn den auf 48-Std.-Wertcn fusscnden Ergebnissen der nach 
M Tagcn wiedcrhollcn Mantoux-Rcaktion in hclreff der ohuc undmit Pneumo- 
thorax bchandcUcn Falle von Liingcntubcrkulose. 


Art der Fiillc 

1 

Abschwa- 

chung 

Gleich- 

bleiben 

Steigerung 


der 

Sensibilitat 


An- 

?:ahl 

/o 

An- 

zahl 

/o 

An- 

zahl 

0/ 

/o 

Tub. pulm. 1 obnc Pneumolli. nrt. 

1 

3 

■ 

4 

■ 

1 

B 

Tub. pulin. 11 ohne Pncumoth. art. 

■ 

1 


B 


— 

B 

Tub. pulni. ni ohne Pncumoth. art 

n 

8 

■ 

B 

■ 

3 

B 

Zu.samnicn 

23 

12 

52 

■ 

31 

4 

17 

Tub. pulm. I mit Pncumoth. art. 

2 

1 


■ 


1 


Tub. pulm. II mit Pncumoth. art. 

7 

3 


4 


— 


Tub. pulm. Ill mit Pncumolb, art 

1 

1 


— 


— 


Zusammen 

m 

5 

50 

4 

40 

1 

10 


ohne Pneumothorax bci der Mantoux-Wiederholungsprufung 
wiriten. 

Die gefundenen Resultate weisen darauf iiin, dass im crncuten 
Mantonx wmigstens bci Vcnvcndnng 5-iagigcr Intcrvallc cine Sensi- 
bilitaissteigerung Iiaufigcr in Pnciimothoraxj alien als bei anderen 
Liingcniubcrkulbscn vorkommL Somit ndhme die Pncimothorax- 
Griippe cine Miilclstellung zwischen den Liingcniuberkuldscn iind 
den Gesunden ein. 

Gruppiert man die mit ernculer Pirquel-RcaJction untersuchtea 
Fallc von aktiver Liingcntubcrkulose jc nachdem, ob eine Pneumo- 
Ihoraxbehandlung vorkain odcr niclit, so findet man fur die 
Sclnvankungcn der 24-Std.-Werte die in TabeUe 24 mitgetcilteu 
Ergebnisse. 

Die Zahl der mit erneutem Pirquet untersuchten Lungenkran- 
ken olmc Pneumothorax betrug 84, davon 23, d.h. 27 %, 
gesteigerter Sensibilitat. An Pncumotlioraxfallcn gab es nur 16, 
von wcichen 2, d.h. 12.5 %, Steigerung zeigten. Der crneulc 
Pirquet lieferte somit ein entgegengesetztes Resultat als der 
wiederholte Mantoux, aber die Anzahl der Pncumothoraxfalle ist 
dormassen goring (16), dass sic wohl koine Schliisse erlaubt. 
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TabeUe 24. 


Vergleich rn’ischen den auf 24-Std.-\Verlcn fussenden Ergebnissen der Phquet- 
Wiederholiingsreaktion in betreff der ohne und mit Pneumothorax behan- 
delten Falle von Pungent ubcrkulose. 


Art der Falle 

> 

N 

» 

CU 

0 

H: 

0 

Abschwa- 

chung 

Gleich- 

bleiben 

Steigerung 

der Sensibilitat 

An- 

zahl 

% 

An- 

zahl 

% 

An- 

zahl 

0/ 

/o 

iub. pulm. I ojinc Pneumoth. art. 

1 Tub. piiini. II ohne Pneumoth. art. 

I Tub. pulm. Illohne Pneumotli.art. 

18 

24 

42 

4 

9 

13 


7 

10 

1 IS, 


7 

5 

11 

j 

1 Ziisammeii 

1 Tub. pulm. I mit Pneumoth, art. 

1 Tub. pulm. II mit Pneumoth. art. 

1 Tub. pulm. Ill mit Pneumoth. art. 

84| 

8 

9 

4 

2G 

2 

4 

I 31 1 

' 35 

1 

4 

3 

! 42 1 

23 1 

1 1 
1 ( 

' 27 

1 <:;usammeu ... . 

icj 

6 37.5 

8 

50,0 

2 

12.5 


iJie Falle ohne Pjieumotliorax die naeh Tor. 

^Tirden, waren 66 an der Zahl und 21 d n ^ f untersuclit 

g-tdgete SensibiUtat! “ e' 12 p!? 

'■nontgegengesetrtesVerhaltrlr c? " M'>“to«-Priifu„g 

kfanken oh„e PneumoCax M ,b *■> Lungea 

tlie Zahl der unteisuchtea Pbemnottor 
um Schlussfolgerungen za erlauben. " ^ ®“®g d®). 

6Jin. c[l0 Tni'f’ T\/f* 

.tia,- iiast':-*"" 

geteilt M'erden. je nachdem ob wh ^wei Gruppen 

' " 'var - ahgesoLbt 

ezner etwaigen Tem- 
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Tabelle 25. 


Verglcich zwischen den auf 24-Std.-\Verlcn fussenden Ergcbnissen der nach 5 
Tagcn v,icderhoUcn Pirquct-Reaktion in belreff der ohne und mit Pnciimo- 
thorax behandclten Fallc von Lungcntuberkulosc. 


Art der Ffillc 

I 

Abschwa- 

chiing 

Gleich- 

blciben 

Steigcning 


der 

Sensibilitat 


An- 

znlil 

% 

An- 

zahl 

/o 

An- 

zahl 

0/ 

/o 

Tub. pulin. I ohne Pneumoth. art. 

!■/ 

3 


7 


7 


Tub. pulin. II ohne Pneumoth. art 

20 

7 


8 


5 


Tub. pulin. Ill ohne Pncuniolh. art 

29 

7 


13 


9 


Zusammen 

M 

17 

26 

28 

42 

21 

32 

Tub. pulm. 1 mit Pneumoth. art. 




1 





Tub. pulm. II mit Pncumolli. art. 

K 

3 


4 


1 


Tub. pulm. Ill mit Pneumoth. art. 

1 



2 


1 


Zusammen 

12 

3 

25 

■ 

58 

2 

17 


Tabelle 26. 


Verglcich zwischen den auf 24'Std.-'\Vcrfen fussenden Ergcbnissen der nach 
14 Tagen wiederholten Pirquct-Reaktion in belrelf der ohne und mit Pneumo- 
thorax behandellcn Fidle von Lungentuberkulose. 


Art der Fiille 

Anzahl der Fallc 

Abschwa- 

chung 

Gleich- 

bleiben 

Stelgerung 


der 

Sensibilitat 


An- 

zahl 

% 

An- 

zahl 

% 

An- 

zahl 

% 

. 

Tub, pulm. I ohne Pneumoth. art. 

1 

I 

■ 

B 

■ 

■ 

■ 

Tub. pulm. 11 ohne Pneumoth. art. 

4 

2 


2 

B 

• 

B 

Tub.pulm. Ill ohne Pneumoth. art. 

13 

6 

■ 

5 

B 

2 

^8 

Zusammen 

18 

9 

50 

■ 

39 

2 

11 

Tub. pulm. 1 mit Pneumoth. art. 

2 

2 


I 


B 


Tub. pulm. II mit Pneumoth. art. 

1 

1 


IB 


B 


Tub. pulm. Ill mit Pneumoth. art. 

1 

— 

■i 

B 


B 



Zusammen 


4 


3 


1 


25 
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Tabelle 27. 


Auf 48-Sld.'' 
in 


X 

, .1 vrrtPhTiisse der Maiiloux-Wiederliolungsrcaklion 

SSS,X"SFa«.cn von L nnecntnberMoPn. 

1 I 


Art der Ftillc 


( Tub. pulm. I 
Tub. pulm. II 
Tub. pulm. Ill 



Abschwa- Gleich- steigerung 

clrang bleiben 

der Sensibilitat 


An- oy An- o/ 
% zabl zaW ' 


Zusammen 


( Tub. pulm. I 
Tub. pulm. II 
Tub. pulm. Ill 


Zusammen 121 32 



48 40 


peratureTlioliung infolge der Tuberkuiijnprobe selbst — , odcr oh 
die Untersuchupgszeit fieberlos verlief, und wenn noch dazu die 
verscliiedenen Krankbeitsstadien beriicksiclitigt werden, so crgc~ 
ben sich die in Tabelle 27 zusammengestellten Resultate. 

Unter den Resultaten sei hervorgehoben, dass von den 34 fic- 
bernden Fallen 4, d.h. 12 %, Steigerung aufwiesen, ‘wabrend die.s 
bei 48, d.h. 40 %, der 121 fieberfreien Falle vorkam. Die Ergebnisse 
der erneuteri Mantoux-Prufung gehett also daliin, dass man Ab- 
schwachung oder Gleichbleiben in fiebernden Lungentuberkulose- 
fallen Mufiger als in fieberfreien feststelkn kann. 


Eine in zuletzt beschriebener Weise nach den Unterschieden der 
24-Std.-Werte im erneuten Pirquet vollzogene Gruppeneinteilung 
fvihrt zu den in Tabelle 28 vorgelegten Resultaten. 


Wie ersichtlicb, trat bei 8, d.h. 18 der 46 fiebernden Falle 

Steigerung auf, wabrend dies bei 17, d.h. 32 o/o der 54 fieberfreien 

Falle vorkam. Somit stimmen die Resultate der erneuten Pirqiiet- 

iiZein^r^ denjenigen der entspreebenden Mantoux-Prufung 

to frhlr Oder Gleichbleiben 

tojtobernden Fallen von Lungentaberkulose haufiger ais i„ ffeber- 
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Tabelle 28. 

Auf 24-Std.-'Werten fussende Ergebnisse der Pirquet.-Wiederholungsreaktinn 

111 fio.hornnflp.n imrl T 7 aiift,, , . , , ® *^nuu 


Art cTer Fiille 

Auzahl der Falle 

Abschwa- 

chung 

Gleich- 

bleiben 

Steigerung 


der 

Sensibilitat 


An- 

zahl 

/o 

AU' 

zahl 

0/ 

/o 

Au- 

zahl 

/o 

f Tub. pulm. I 

e 

■ 

■ 

4 

■ 

II 

■ 

Ficberhaft j Tub. pulm. II 

12 


■ 

5 


H 

■ 

1 Tub. pulm. Ill 

28 

■1 

Hi 

10 

■ 

H 

■ 

Zusammen 

4b 

19 

41 

19 

41 

8 

18 

( Tub. pulm. I 


5 


4 


6 


Fiebcrfrei < Tub. pulm. II 


6 


9 


6 


1 Tub. pulm. Ill 


2 


11 


5 


Zusammen 

54 

13 

24 

[ 24 

44 

17 

32 


Als Schliissfolgening aus der obigen Darsielhing kann gesagt wer- 
(len, dass bci der Tiiherkulinwiederholimgsreaktion eine Abschwiichung 
Oder ein Gleichbleibcn der Scnsibilitat in jiebernden Fallen von 
Lungentuberkulose deutlich eine gewohnlichere Erscheinung isi, als 
in fieberfreien. 

Vergleicht man die Ergebnisse des erneuten Mantoux danrit, 
ol) in dem betreffenden Fall zur Zeit der Tuberkulinprufungen bei 
der liblichen Sputumfarbung Tuberkelbazillen zum Vorscliein 
gekommen sind Oder nicht, so findet man die in Tabelle 29 dar- 
gestellten Resultate. 

In 82 Fallen warden zur Zeit der wiederholten Mantoux-Unter- 
sucliung mit Hilfe der iiblicben Farbungsmethode keine Tuberkel- 
bazillen gefunden, und in 29, d.b. 35 yo jenen Fallen war Stei- 
gerung bemerkbar. Unter denjenigen 73 Fallen, wo die gewolin- 
licbe Sputumuntersucbung zur Zeit der Mantoux-Reaktion keine 
Tuberkelbazillen aufdeckte, gab es 23, d.h. 31 %, mit gesteigerler 
Sensibilitat, Der Unterschied zwischen den gefundenen Prozent- 
ziffern ist jedocli zu gering. um Schlussatze zu erlauben; zudem ist 
in unseren Krankenbausern das Fahnden nacli Tuberkelbazillen 
nicht vielseitig genug, da es nicht einmal mdglich gewesen ist, 
eine allgemeinere Bazillenziichtung einzufiihren. 
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Tabelle 29. 

Auf 48'Std.-\Vertcn fussendc Ergebnisse der Manloux-^Vicdcrl\olungsrcaklion 
in LvmgentuberkulQsefalten, die in z^YCi Klassen cingeteilt sind, jc nachdcm, 
ob zur Zeit der Tuberkulinuntersucbungen Tubcrkclbazillcn im An.s\\'urf vor- 

kamcn odcr nicbt. 


Art der FSile 

> 

3 

N 

3 

a 

Abscliwa- 

ebung 

Glcich- 

blcibcn 

Steigerung 


der 

S c n s i b i li t a t 


An- 

zahl 

% 

An- 

zabl 

% 

An- 

znbi 

0/ 

iO 

Keine Tuberkclba- 

Tub. pulm. 1 



■ 

14 

■ 

11 

■ 

zillen im AnsYmrl 

Tub. pulm. II 


m 


8 


10 


nachgeYfiesen 

Tub. pulm. Ill 


■ 

■ 

5 

■ 

8 

■ 


Zusammen 

S2j 

2G 

32 

27 

33 

29 

35 

Tuberkelbazillen 1 

Tub. pulm. I 

11 

2 


4 


5 


im AnssTurf nach- < 

Tub.pulm. 11 

22 

6 


9 


7 


gewiesen 1 

Tub. pulm. Ill 

40 

13 


ig| 


11 


Zusammen 

73 

21 

29 

29 

40 

23 

31 


Tabelle 30. 

Auf 24-Std,-Wcrlcn fusscnde Ergcbnisse der Pirquct-Wiedcrbolungsrcaktion 
In Lungentnberkuloserallen, die in zwei Klassen cingclcill sind je mclidcin 
Ob ,ur Zo,l der TuberMl„„„,crsucl.unBe„ Toberilbneulen to XtS 

vorkamcn oder nicht. 
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Die entsprechenden Resultate des erneuten Pirquet, auf Grund 
der Schwankungen der 24-Std.-Werte ausgereclinet, finden sich in 
Tabelle 30. 

Es gab 39 Falle, wo die gewohnlicbe Farbemetbode nicht zur 
Zeit der wiederholten Pirquet-Reaktion Tuberkelbazillen zum 
Vorscheiji brachte; bier wiirde elfmal, d.b. in 28 % der Falle, Steige- 
rung gefujiden,., Mit der libjicben Farbemetbode .wurden zur Zeit 
der Pirquet-Untersucbungen Tuberkelbazillen in 61 Fallen nach- 
gewiesen, und 14, d.b. 23 % derselben liessen Steigerung erkennen. 
Der Unterschied zwischen den bazilknposiiiven und den basillen- 
negativen Fallen ist also ebenso gross und von derselben Art bei den 
mit Mantoux und mit Pirquet Untersuchten, aber auch ebenso 
unbedeuiend, so dass es nicht moglich sein diirfte, irgendwelclie 
Schliisse daraus zu ziehen. 

Um die Ergebnisse der Tuberkulinwiederbolungsreaktion mit 
den Resultaten der Senkungsreaktion der roten Blutkdrperchen 
(nach Westergren) vergleichen zu konnen, wurden die Falle in 
drei Gruppen eingeteilt, je nachdem, ob nach Westergrens Metbode 
der -Wert- wahrend-der ersten-Stunde-0^--8- imn, 9 — 30 mm oder 
mebr als 30 mm, ausmachte. Die Ergebnisse der Tuberkulinwieder- 
holungsreaktion finden sich, in dieser Weise eingeteilt, in Tabelle 31. 

Die mit dem erneuten Mantoux untersuchten, zur ersten Gruppe 
gehorenden Falle waren 41 an der Zahl und zeigten somit nach 
Westergren wahrend der ersten Stunde den Wert 0 — 8 mm; in 19, 
d.b. 46 % derselben, trat Steigerung auf. Falls Westergren zur 
Zeit der Untersuchung den Wert 9 — 30 mm lieferte, so fand.man 
im erneuten Mantoux unter 61 Fallen 22, d.b. 36 %, mit Steige- 
rung, wahrend bei einem Wert von mebr als 30 mm in 53 Fallen nur 
elfmal, d.b. in 21 %, Steigerung auf trat. Die Resultate der Man- 
toux-Wiederholungsreaktion weisen also darauf bin, dass Stei- 
gerung in solchen Lungentuberkulosefallen, wo die Senkungs- 
geschwindigkeit der roten Blutlrorperchen (nach Westergren) im 
Verlauf der ersten Stunde hocb ist, haufiger vorkommt, als in 
Fallen mit geringer Senkungsgescbwindigkeit. 

Im Verlauf der wiederholten Pirquet-Untersuchung gab Wester- 
gren innerbalb der ersten Stunde den Wert 0 — 8 mm in 23 Fallen, 
und zwar wurde in 9, d.b. 39 % derselben, Steigerung festgestellb 
Der entsprechende Wert betrug in 27_ Fallen 9 — 30 mm; luer kani 
viermalj. d.b. in 15 %, ein Steigen der Sensibilitat vor. t)ber 30 mm 
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TabeUe 32. 


Auf 48 .Std.-Werten fussende Ergebnisse der Mantoux-Wiederholungsreaktion 
In Lungentuberkulosefallen, die m zwei Klassen eingeleilt sind, ie nacS 
ob rontgenologisch Kavernen nachgewiesen wurden Oder nicM. ’ 


Art der Ffille 

Anzahl der Fiillc 

Abschwa- 

chung 

Gleich- 

bleiben 

Steigerung 


der 

Sensibilitat 


An- 

zohl 

% 

An- 

zahl 

% 

An- 

zahl 

% 

f Tub. pulm. I 






— - 




Kavernos Tub. pulm. II 

11 

3 


5 


3 


1 Tub. pulm. Ill 

28 

9 


9 


10 


Zusammen 

39 

12 

31 

14 

36 

13 

33 

( Tub. pulm. I 

46 

12 


18 


16 


Nicht kavemo: < Tub.pulm.il 

39 

13 


12 


14 


( Tub. pulm. in 

31 

10 


12 


9 


Zusammen 

116 

35 

30 

42 

36 

39 

34 


liatteji nach Westergren wahrend der ersten Stunde 50 Falle, davon 
12, d.h. 24 %, mit Steigerung. Die Tatsache, dass das niedrigste 
Steigerungsprozent auf die mittlere Gruppe entfiel, kann darauf 
hijiweisen, dass der Zufall im emeuten Pirquet eine grdssere Rolle 
spielt; aber in der dritten Gruppe war jedenfalls die Prozentzahl 
der Steigerungen niedriger als in der ersten, so dass die Ergebnisse 
der erneuten Pirquet-Reaktion in dieser Beziehung mit denjeni- 
gen von Mantoux ubereinstiminen, m.a.W.: die wiederholte Pir- 
quet-Priifung ergibt bfter Steigerung in solchen Fallen, wo Wester- 
gren wahrend der ersten Stunde niedrig ist, als dann, wenn der 
entsprechende Senkungswert hoch ist. 

Als Schlussfolgerung kann gesagt werden, dass die Sensibiliiat 
bei wiederholter Tuberkulinprufung hdufiger gesieigert erscheini, 
wenn die Senkungsreaktion wahrend der ersten Stunde einen niedrigen 
Wert aufweist, als in Fallen mit hohem (uber SO mm) Wert. 

Ich babe femer die Personen mit aktiver Lungentuberkulose 
in zwei Gruppen eingeteilt, je nachdem, ob bei der Rontgenunter 
sucbung eine Kaverne gefunden wurde oder nicht. Die Ergebnisse 
des erneuten Mantoux in Verbindung mit dieser Einteiluhg sin 
in Tabelle 32 zusammengestellt. 



CbER »1E KEINISCHE BEDEUTUNG DEn TUBERKULIN- USW. 


189 


Tabelle 33. 


Auf 24-Std.-'Werten fussende Ergcbnissc der Pirqiiet-Wicderholungsrcaktlon 
in Lungentuberkuloscfallen, die in zwci Klassen cingetcilt sind, jc nachdcm, 
ob rontgenologisch Kavcrncn nachgewicscn mirdcn oder nicht. 


Art der Falle 

> 

3 

N 

H» 

Abscliwa- 

chung 

Gleich- 

blclbcn 

Stelgerung 

a. 


der 

S e n s i b 1 1 1 1 a t 


Ml 

ft 

An- 

zahl 

% 

An- 

zahl 

0/ 

to 

An- 

zahl 

1 

j Tub. pulm. I 

Kavernos < Ti>b. pulm. II 

j Tub. pulm. Ill 

6 

21 

2 

7 


3 

10 


1 

4 


Zusammcii f 
1 Tub. pulm. I 

Nicht kavernos < Tub. pulm. II 1 

1 Tub. pulm. Ill 1 

27 j 

21 

27 

25 1 

9 

6 

11 1 
G 1 

33 ! 

13 

8 

I 

1 

3 

19 

Zusammen j 

73 1 

23 

32 1 

30 

41 

1 

20 

27 


dieSensiWIitstgestcLt l";rA,"5 i 

waren prozentucll ungcfalir cbcnfo in den T® 

kavernosen F'allen. ” kavcrjiosen unfl nicht 

kavarnosen Fallen funfmaj, d i, 7,77®'' 2? 

Fafa einc seltencre Ersohch^g'lt^t^lT® " 

Schlussfolf^eriinrt ” ^ ^^fivernoscn. 
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Majitoux iijid Pirquet bei klinisch aktiver 
Lungentuberkulosc sei erwahnt: 

Wird bci der Mantoux-Wiederholungsreaktion der UnterscWed 
der 48-Std.-Wcrte als Beurteilungsgrund verwendet, so kann fest- 
gcstellt wcrdcn, dass die besagte Reaktion sich'in verschiedenen 
Stadien der Lungentuberkulosc ungefahr ebenso verhalt, Avenn 
die Falle je nacli der Ausdehnung der Lungenberde in drei Grade 
eingeteilt werden; dock ist dabei nacbzuweisen, dass in den Fallen!, 
und rr. Grades die scluvachen Stcigerungen zahlreicber sind als 
in den Fallen 111. Grades. 

Bci Pncurnolliorax kommt wenigstens nacb 5-tagigeni Intervall 
in der crneulcn Manloux-Reaklion cine Steigerung baufiger vor, 
als bci Lungenkranken ohne Pneumothorax. 

In den zur Untcrsuchungszcit ficberhaRen Fallen von Lungen- 
tuberkulose ist Absclnvachung odor Gleichblcibcn der Sensibilitat 
cine geAYolmlichcre Erscheinung, als in den Fallen, die zu der er- 
Avahnten Zeit kein Fieber batten. 

Die Rcsultate der wicdcrbolten Mantoux-Reaktion zeigen kei- 
nen grdsscren Untersebied, wenn im Verlauf der Tuberkulinunter- 
suebungen mit Hilfe dcs iibliclien Farbeverfabrens im Auswuii 
Tuberkelbazillen gefunden wurden oder niebt. 

Vergleicbt man die beim emeuten Mantoux gewonnenen Resul- 
tate mit der Senkungsgescbw'ndigkcit der roten Blutkdiperchen, 
so findet man baufiger Steigerung in solcben Fallen, wo Westergren 
innerbalb der ersten Stundc einen niedrigen Wert liefert, als dann, 
wenn dcr besagte Wert 30 mm iibersteigt. 

Hat man die Falle von Lungentuberkulosc in zwei Gruppen 
eingeteilt, jc naebdem, ob cine Kaverne rdntgenologiscb nacb- 
gewiesen worden ist oder niclit, so zeigt es sicb, dass in dieser Hin- 
siebt kein bemerkenswerter Untersebied bei der Wiederbolungs- 
priifung nacb Mantoux auftritt. 

Bei der Wicderbolungspriifung nacb Pirquet diente die 
Schwankung der 24-Std,-Werte als Beurteilungsgrund, Von den 
untersuebten 100 Lungentuberkulosefallen ergaben 32 % Ab- 
schwachung, 43 % Gleichbleiben und 25 % Steigerung der Sen- 
sibilitat. 

In betreff der verschiedenen Grade der Lungentuberkulosc war 
Steigerung im 11. Stadium am seltensten. 

Bei der emeuten Pirquet-Prufung war Steigerung eine gewdhn- 
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lid, ere Eischeinung in Fallen ol,„e Pnenmothorax * bei Pneumo- 
thoraxpatienten (die Zahl der letrteren betrug nur 16), . 

. Abgosclra'acMcs Oder gleiobes Resultat kam auch bei e 

clerliollcn Pirquet-Prufung in fieberhaften Fallen liaufiger Yor, als 

in fieberfreien. ' , , t i, 

DerSacbverbalt, Ob ein Fall zur Zeit der Tuberkulinunter- 

suebungen mit Hilfe der iiblicben Farben/ethode naclweisbare 
Tuberkelbazillenbatte oder nicht, rief aucb bei der Wiederbolungs- 
prufung nath Pirquet keinen grosseren Untersebied liervor. 

Im erneuten Pirquet zeigte sicb Steigerung seltener, wenn 
Westergren den Wert 9 mm oder mebr lieferte, als in den Fallen, 
wo der genannte Wert wabrend der ersten Stunde niebt 9 mm 
erreichte. 

Im ernculcn Pirquet legten die kavernosen Fade seltener als 
dieejnigen Falle, in denen rontgenologiscb keine Kaveme gefun- 
den wurde, eine Steigerung der Sensibilitat dar. 

. Inaktive Tuberkulose. Es wurden 25 Fade mit inaktiver Tuber- 
kulose untersucht. Die Diagnose lautete in diesen Fallen: Tuber- 
culosis pulmonum, oder pulmonis inactiva oder inveterata oder 
auch Tuberculosis lympboglandularum inactiva oder inveterata. 
Von diesen Fallen voirden 12 mit der Wiederbolungsreaktion von 
Mantoux und 13 nach Pirquet untersucht (Tab. 2, 4 und 17). 
Von den erstgenannten 12 Fallen wies kein einziger Abschwacbung 
auf, zweimal -wurde Gleichbleiben und lOmal Steigerung fest- 
gestellt. Bei der Pirquet-Priifung ergab sich bei Verwendung der 
24-Std,-Werte einmal Abschwacbung, 4mal Gleichbleiben und 8mal 
Steigerung. Die Anzahl der untcrsuchten Falle war freilich gering, 
doch weist das Resultat namentlich in der wiederholten Mantoux- 
Reaktion darauf bin, dass inaktive Tuberkulose im Gegensatz zur 
aktiven Lungentuberkulose im allgemeinen eine Sensibilitatsstei- 
gerung aufweist. 

Pleuritis exsudativa. An exsudativen Pleuritiden wurden 63 
untersucht, davon 48 nacb Mantoux und 15 nacb Pirquet (Tab. 

, 4 und 17). Es waren nur zu einem geringen Teii frisebe Falle, 
denn nur selten kamen sie unmittelbar nach der Erkrankung in 

das I^iegslazarett, wo die Tuberkubmviederbolungsprufungen 
a sgefubrt wurden. Die meisten waren yorher in einem Feldlaza- 
0 er in anderen i^libtarlazaretten bebandelt worden Von den 
m.t emeut. Ma„to«-Reakti„n „„ta.ucto 48 
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zeigten 2, d.h. 4 %, Abschwachung, 12, d.b. 25 %, Gleichbleiben 
und 34, d.h. 71 %, Steigcrung. 6 der Falle waren innerbalb eines 
Monats vor Beginn der Mantoux-Versuche erkrankt; ineinemder- 
selben land man als Resultat Gleichbleiben, in den iibrigen 5 
Steigcrung. Die restierenden 42 Pleuritisfalle waren alteren 
Datums; die betreffenden Symptome batten sich innerbalb eines 
Zeitraums von 6 bTonaten vor dem Beginn der Mantoux-Unter- 
sucliungen gezeigt. Im erneuten Mantoux ist also das Verhalten 
bei Pleuritis exsudativa ein ahnlichcs wie bei inaktiver Tuber- 
kulose Oder bei Gesunden. 

Mil crneuter Pirquet-Reaktion wurdcn 15 Falle von Pleuritis 
exsudativa untersucht; 5 derselben zeigten bei Verwendung der 
24-Std.-Werle Abschwachung, 4 Gleichbleiben und 6, d.h. 40 %, 
Steigcrung. 

Audi bei der wiederholten Pirquet-Reaktion komnit also 
Steigcrung haufiger vor als bei aktiver Lnngentuberkulose, obwohl 
der Unterschied kleiner ist als der bei cntsprechender Mantoux- 
Priifung gcfundcnc. 

Man kommi also zu dem Schluss, dass die Falle von Pleuritis 
exsudaliva sieh bei der Tuberkiilinwiederlwlungsrcakiion ahnlich 
verhalien, wie die Falle von inaklivcr Tiibcrkulosc. 

Sonslige Tuberkulose. Diesc Falle sind nur 8 an der Zabl, nam- 
lich 7 mil Tuberculosis lymphoglandularum und einer mit Peri- 
tonitis tuberculosa. Nach Mantoux wurdcn 2 von ihnen unter- 
sucht, und zwar dcr eine mit Abschwachung, der andere mit 
gleichem Resultat. Nach Pirquct untersuchte ich 6 Falle und 
land dabci dreimal Abschwachung, zweimal Gleichbleiben und 
nur einmal Steigcrung. 

Wie die Tubcrkulimviederholungsreaktion darlegt, scheinen die 
Resultate bei sonstiger Tuberkulose von ahnlicher Art zu sein, wie 
bei Lungentuberkulose. 

Suspekle Tuberkulose. Es gab im ganzen 14 Falle, wo in 
Ermanglung geniigender Beobachtungsdauer oder aus irgendeinem 
anderen Grunde die Diagnose nicht gesichert werden konnte.. 
9 von diesen Fallen wurden nach Mantoux gepruft, wobei zweimal 
Abschwachung, dreimal Gleichbleiben und viermal Steigen der 
Sensibilitat auftrat. Die Zahl der nach Pirquet Untersuchten war 
5; einer derselben zeigte Abschwachung, die iibrigen 4 Steigening 
■ Andere Krankheiten. Die Diagnosen der zu dieser Gruppe gelid- 
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rentlen KrankheitsfMIe lauteten; BroncMtis, Utyngrtis acute. 

Residua post pneumoniam, Inlectio acuta, ^ 

tonsillaris. Pro observationem, ^rwrnuet 

siae. Von diesen Fallen wurden 9 mit Mantoux, 13 mi q 

erneut untersucht. , , ax 

Die Mantoux-Wiederholungspriifung ergab emmaF^^- 
schwapbimg, einmal Gleichbleiben und in den iibngen 7 Fallen 

Steigerung. i v 

Die mit erneutem Pirquet untersuchten, an mcht tuberkulosen 

Krankheiten Leidenden waren 13 an der Zahl, davon 1 Fall mit 

Abschwachung, 2 Falle mit gleichem Resultat und 10 mit Stei- 


gerung. . , < 

Die Anzahl der untersuchten Falle war allerdings sehr gering, 
doch deutet das Resultat deutlich an, dass die mit nicht tuberku- 
losen Krankheiten behafteten Falle meistens bei der Tuberkulin- 
wiederholungsreaktion ein Steigen der Sensibilitat erkennen lassen. 

Gesunde. 278 Gesunde wrden erneut gepriift, davon 83 mit 
Mantoux und 195 mit Pirquet (Tabelle 2, 4, 17). 

Von den 83 mit Mantouxs Wiederholungsreaktion untersuch- 
ten Gesunden zeigten 6, d.h. 7.2%, Abschwachung, 8, d.h. 9.6 %, 
Gleichbleiben und 69, d.h. 83.2 %, Steigerung. 

Alle Gesunde, welche entweder die Mantoux- oder die Pirquet- 
Wiederltolungspriifung durchmachten, wurden im Verlauf der 
Tuherkulinuntersuchungen mit der in unserem Heer gebrauch- 
lichen Rontgen-Schirmbildphotographie untersucht, oder, falls es 


sich um Krankenhauspersonal handelte, fand Rontgendurch- 
leuchtung statt; also haben diese Untersuchungen die Mdglich- 
keiten vermindert, dass es unter den Versuclispersonen mehrere 
vielleicht unerkamt gebliehene Lungentuberkuldse gegeben haben 
konnte. Ausserdem bestand ja der grosste Teil des Materials aus 
Wehrpfiichtigen, die schon bei der Einberufungs- und Rekruten- 
untersuchung kurz vorher arztlich besichtigt worden waren, bei 
we Cher Gelegenheit gerade dem Vorkommen einer eventuellen 
luberkulose grosse Aufmerksamkeit geschenkt wird. 

d h”io 195 Gesunden zeigten 26ntal, 

« 13-3 /o, Abschwachung, , 63mal, d.h. in 32.3 %, gleiches 
Resultat und 106mal, d.h in 544 o/ ^ /or yeicnes 

Wipriorhn?,ir,;fc>. 1 4 -' ^ Steigerung. Die Pirquet- 

«e-Gesunden -prozentui so 
mg Ste.gerongsfalle, dass der Unterschied im Vergleiel, zur 
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aktiven Lungentuberkulose, die 25 % Steigerungeii aufwies, bei 
weiteyx nicht so gross ist, wie beim entsprechenden Majitoux' 
Die Tuberkulinwiedcrholungsprufungen an Gesunden fiihren 
zu folgenden Scbliissen: Die Wiederholungspriifung nach Mantoux 
ergibt Steigerung in 83.2 % der Falle, nacb Pirquet nur in 54.4 
Der Unterschied z'wischen den Fallen von aktiver Lungentubw- 
kulose ist in den Pirtjuet-Resultaten so gering, dass diese Wieder- 
holungsreaktion bei Diagnostizierung der aktiven Tuberkulose 
eine recht kleine Rolle spielt. 

BCG^Impfung (Tabelle 2, 4 u. 17), Gegen Tuberkulose ge- 
impft waren 116 Wchrpflichtige, die zwei Monate nach der Schutz- 
impfung der Tuberkulinvdederholungsprufung unterzogen nairden. 
Die Prufung erfolgtc in 67 Fallen nach Mantoux, in 49 nach Pirquet. 

Von den 67 erneut nach Mantoux untcrsuchten BCG-Geimpf- 
ten zeigten 33, d.h. 49.3 %, AJjsclnvachung, 11, d.h. 16.4 %, Gleich- 
bleiben und 23, d.h. 34.3 %, Steigerung. Die Prozentzahl der 
Steigerungen "war also bei der ernculen Mantoux-Prufung ungeiabr 
ebenso hoch wie in den Fallen von aktiver Lungentuberkulose, 
und Abschwachung kam so baufig vor, dass man in keinem der drei 
Lungentuberkulosestadien eine so hohe Prozentziffer findet. 

49 gleichzeitig BCG-Geimplte, die 2 Monate spater mit Pirquet 
erneut gepriift wurden, batten 13mal, d.h. in 26.5 %, Ab- 
schwachung, 23ma], d.h. in 47.0 %, Gleichbleiben und ISmal 
d.h. in 26.5 %, Steigerung aufzuweisen. Nach Pirquet tritt somit 
Abschwachung der Sensibilitat prozentuell etwas seltener auf, als 
bei: aktiver Lungentuberkulose. Bei den BCG-Geimpften war also 
das Steigerungsprozent ungefahr dasselbe, wie bei aktiver Lungen- 
tuberkulose. 

Zusammenfassmd kann von den Rcsultalen der Tuberkulin- 
iviederholungsreakiion an den 2 Monale vorher BCG-Geimpfien 
erwahnt werden, dass man ungefahr zu demsclben Ergebnis kam, 
wie in den Fallen von aktiver Lungentuberkulose, nur war nach 
Mantoux die Abschwachung noc/i haufiger, als bei Lungentuberkulose. 

Besprechun^ und Schlussbetrachtun^. 

Ich habe in betreff der benntzten Technik sowohl in der Aus- 
fuhrungsweise als auch bei Ablesung der Resultate nach mdg- 
lichster Einfachheit gestrebt, damit das Verfahren bessere Voraus- 
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tr T,rt<>n Tiatte auch allsemeinere Yerwcndujig zu finden. Teils 

WahrscWnliottetontwt aut die Frage. ob atov 

za ertalten, white id. mcisteasfilr T.teW.mviedeAoIu„^ 
priifuag das Intervall 5 Tage. Etwas besser v/aren auch jiach memer 
Erfahrujig die Resultate bei Verwendung ernes langeren Interva s . 

Betrachtet man die Ergebjiisse der Mantoux-Wiederholunp- 
priifung in den einzelnen Krankheitsgruppen (Tabelle 4), soschemt 
das Resultat schlecht zu sein, wenigstcns wenn man ebenso wert- 
voile Befunde eiwartet, wie die "Wassermann-Reaktion sie bei der 
Luesdiagnostik liefert. Aber diese Envarlung und eine solche 
Fragestellung sind falscli infolge des Charakters der Tuberkuldsc-. 
krankheit. Bei einem Tuberkulinposiliven kann beispielsweise 
ein dutch exo- oder endogene SuperinfektionhervorgerufenerHerd, 
der die Krankheit in Bewegung setzt,- winzig kleih sein und der 
Organismus sich eine Zeitlang gleichsam in einem labilcn Gleich- 
gewichtszustand befinden. Es ist moglich, dass der Herd ausheilt, 
ohne irgendwelche klinische Zeichen der Aktivitat zu zeigen. 
Eine andere Mdglichkeit ist die, dass das Gleicbgewicht nach der 
anderen Seite uberscWagt, der Prozess urn sick greift und eine aucli 
klinisch aktive Lungentuberkulose enlsteht. Eine derartige Super- 
infektion, die ganz ohne klinische Symptome in den Lungen aus- 
heilt, kann bei vielen tuberkulinpositiven Gesunden und gesund 
Verbleibenden auftreten; aber wenn ein solcher Prozess mitten 
in seiner Ausheilung durch eine Tuberkulinwederholungsreaktioh 
aufgedeckt viirde, so wde man natiirlich den Befund als ein von 
dieser Reaktion geliefertes »unspezifischesi) Resultat ansprechcn.' 

Betrachtet man andererseits bei aktiver Lungentuberkulose die 
hohe Prozehtziffer der im erneuten Mantoux Steigerung darlegen- 
den Palle, so ist es moglich, dass auch sie nicht auf Ungenauigkeit 
der Methode allein zuruckgefiihrt zu werden braucht. Stellen wir 
uns eine wter fortgeschrittene Lungentuberkulose als die irrr 
vorigen Beispiel erwahnte vor, so kann man annehmen, dass die 
Tuberkdinempfindlichkeit zum Gleichgemclit der Antigen-Anti- 
oiper des Orgamsmus m Beziehung steht Wird bei aktiver Lun- 
yntuberkulose eine Tuberkulineinspritzung verabfolgt so kann 
dms erne schwache oder starke Reaktion zur Edge habfn 
« 0 h d.e I.u.g»t„be.k„I„se b einem erneten Stadium L e„Mll 
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das Blut einen Antigentiberschuss im Vergleich zu den Antikor- 
pern, so besitzt auch der Orgajiismus nicbt geniigend Moglich- 
keiten eine starke Reaktion hervorzurufen, und im. Endstadium 
der Krankbeit kann sogar die Tuberkulinprobe jiegativ ausfallen. 
Die Antigenmenge im Blut braucht nicht nur im Endstadium dcr 
Krankbeit, sondern kaiin auch sonst stark erhobt sein, z. B. wah- 
rend eines hamatogenen Schubs. Wenn es sicb um die Tuberkulin- 
wiederholungspriifung handelt, bat man Abscbwachung oder ein 
gleicbes Resultat zu erwarten, wenn ein Antigeniiberscbuss im 
Organismus existiert. Dann ist das verabfolgte Tuberkulin nicht 
imstande, den Organismus so zu sensibilisieren, dass er auf eine 
nach gewisser Zwischenzeit verabreicbte neue, ebenso grosseTuber- 
kulinmenge starker reagieren wurde. Der Organismus besitzt 
sozusagen nicbt genug Kraft dazu. Aber sogar bei weit ausgc- 
debnter Lungentuberkulose kann der Antikorperuberschuss zeit- 
weilig gross sein oder ist der Organismus auf die Fabigkeit einge- 
stellt, rascb eine grosse Antikorpermenge zu produzieren; dann 
reagiert der Organismus im Tuberkulinwiederholungsversucli in 
derselben Weise wie bei inaktiver Tuberkulose, und dann bat die 
vorige Tuberkulinimpfung den Organismus dermassen sensibilisicrt, 
dass die folgende Tuberkulinimpfung eine starkere Reaktion als 
die erste liefert. 

Von den vorerwahnten Annahmen ausgebend, lasst es sich 
auch leicbt erklaren, warum man bei Pleuritis im wiederholten 
Tuberkulinversuch so oft Steigerung findet (Mantoux 71 % und 
Pirquet 40 %). Auch die erneute Tuberkulinpriifung zeugt somit 
vielleicht ihrerseits von der Gutartigkeit der Pleuritiskrankheit, 
die auch icb bei meiner klinischen Arbeit wabrend dcs Krieges 
vielfach kennen gelernt babe. 

Wie ist nun der Umstand zu erklaren, dass die Tuberkulin- 
wiederbolungsreaktion bei BCG-Geimpften ungefahr das gleicbe 
Verhalten aufweist, wie bei Kranken mit aktiver Lungentubei- 
kulose? Wahrscbeinlich hangt es davon ab, dass der Reiz des 
Impfstoffs 2 Monate nach der Impfung hinreichend kraftig ge- 
wesen ist, um den Tuberkulinversuch positiv zu machen, abei 
eine zu kurze Zeitdauer oder ein ungeniigender Impfreiz oder aber 
beide Ursachen zusammen haben bewirkt, dass der Organismus 
nicht dasselbe Stadium erreicht hat wie ein inaktiver Tuberkulosc- 
fall. 
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Der Umstand, dass der erneuie Pirquet sclilcchtere Rcsullalc 
gelielert hat, als der crneute Manioux, beruht xvahrschcinlich 
Lrauf dass die Pirquctsche Rcaklion grdber und «ngenaucr isl 
als die Mantouxschc. Bei Pirquct sclnvanW gaaz unwillKurlicb 
in den einzelnen Fallen und bei verschiedcncn Gelcpnhcilon die 
Starke der Bohrung, und ausserdem kann die Mcnge dcs wirksamen 
Tuberkulins das cine Mai grosser scin als das andere, was sicii 
absolut nicht vermeiden lasst. Infolgedcssen kann vcrmutbcli die 
Pirquctsche Wiederholungsreaktion niemals cbenso grossen Wert 
besitzen, wie die Mantouxschc. 


Schlussfolgerun^en. 


Es warden mit der Tuberkulinwiedcrliolungsrcaktion insgesaml 
781 tuberkulinpositive Personcn untersuchl, und zwar 385 nach 
Mantoux und 396 nach Pirquet. Die Rcsultate Jasscn sicli folgen- 
dermassen zusamnienfassen. 

Bei Versuciien, zu erforschen, welches Intcrvnll in dor Ttibcr- 
kulinwiederliolungsprobe das braucbbarsle ware, ergab es sich, 
dass 14 Tage ini ernouten Mantoux vielleicht eRvas be.sscrc Rcsiil- 
tate liefern als 5 Tage, aber dass im erneulen Pirquet 14 Tage 
ganz deutlich eine giinstigere Zwischenzcit bilden, als 5 Tage. 

Im erneuten Mantoux ist cs vorleilliaflcr, den von den 48-sliin- 


digen Werten dargelcgtcn Unterschied al.s Bcurlcilungsgrundlage 
zu benutzen, wahrend im erneuten Pirquet die Unterschiede dor 
24-stundigen Werte entschieden bessere Rcsultate gelien. 

Ein Gleichbleiben und sogar schon cine leichte Abscliwacliiing 
der Sensibilitat sind bei der Tubcrkulin wiederholungsreaktion 
charakteristisch fur die aktive Lungentuberkulose. Eijic kriiftigere 
Steigening spricht gegen Aklivilat. 

Gleiches Resultat und Absclnvachung konimen bei fieberhafter 
Lungentuberkulose haufiger vor als bei fieberfreier. 

ben und M^hwachung gewamlichcrc Erscbcinungen in solclicn 
Lungentuberkuloselallen, wo die SenltungsgcsclrelndiKlteil dor 
roten Blutkdipercbcn (nacb Westergren) bodi ist als In T'-n 
rmt niodriger Sentangsgesehwindigkdt. ' “ 

Die FaJIe von Pleuritis exsudativa ergeben bei rRr t i i 
™derhol„ngspraf„„g turn grdsston Toil Scnsibilit«ssto£;';: 
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Das Ergebnis der erneuteji Tuberkulinreaktion bei Gesunden 
ist in der Regel Steigerung. 

Zwei Monate vor der Tiiberkulinwiederholungsprufung BCG- 
Geixnpfte vcrbalten sicb bei dieser Priifung ungefahr ebenso wie 
Personen mit aktiver Lungentuberkulose; diese Eeststellung tragt 
ilirerscits dazu bei, die Ansicbt von der Vorteilbaftigkeit der BCG- 
Impfung immunobiologiscb zu stiitzen. 

Die Tuberkulimviederholungsreaktion bringt bei der kJinischen. 
Untersuchung von Lungentuberkulosefallen ein neues immuno- 
biologisches Symptom zum, Vorscbein, welches dutch seinen, aller- 
dings relativen Wert einen weiteren Beitrag zur Aktivitatsdiagnostik 
der Lungentuberkulose liefert. 
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Recherches sur la physiopalhologie des hematics. 

I. Mouvellea techniques pout I'tode et la distinction des 
hteiaties granuleuses. 

Par 

;A._NIZET. 

(Ce travail cst parvenu ii la rddaction le 6 Septembre 1943). 


Malgre la Ijiterature importanle consacree jusqu’^ present h 
I’etude des hdmaties granuleuses, nous ne poss^dons a Icur sujet 
que des notions d’une precision et d’une exactitude insuffisantes. 
Les structures granuleuses des hematics sont souvent h la limite de 
la vision microscopique. Leur visibilite depend dtroilement dc 
contingences d’ordre technique. Les caracteres morphologiques 
de ces structures ne permettent de les distinguer que dans dcs cas 
hmites. De plus, les precedes classiqucs dc coloration ne sont pas 
rigoureusement specifiques. 

L’observation microscopique sur fond noir n’a guere etc utilisee 
jusqu’ici en biologic que pour I’etude d’organismes vivanls obser- 
ves a I’etat frais. Les resultats obtenus ont 6te s.ouvent mediocres 
et difficiles a interpreter. Au con'traire, Texamen sur fond noir de 
preparations fixees et colorees constitue un procedd trfes sfir, appli- 
cable dans des conditions excellentes a Tetude dcs hematics granu- 
leuses. n nous a permis d’en assurer une identification pr6clsp. 
Sur cettebase solide, il devient possible d’aborder unc etude melho- 
dique de la physiopalhologie des hematics, considerde notamment 
du point de vue du metabolisme de I’liemoglobine. 

14 — Ada med. scandimv. VoL CXVII. 
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1. Observation des reticulocytes. 

A. — Necessite d'unc technique precise. — De nombreuses metho- 

des de coloration des reticulocytes par des substances basiques ont 
ete preconisees. Citons notamment les techniques de Rosin et 
Bibergeil (bleu de cresyl brillant et bleu de toluidine) (49), Cliauf- 
fard et Fiespinger (pyronine- vert de metliyle) (2), Hoffmann (bleu 
de cresyl et rouge neutre) (28) Widal, Abrami et Brule (bleu d’Unna 
bleu d’Azur) (65) Cesaris-Demel (1), Cunningham (4), Friedlander 
et Wiedemer (17), Holboll (29), Seyfarth (58), Krumbhaar (38) 
Heilmeyer et Trachtenberg (23), Cook (3), Osgood et Wilhelm (46), 
Hirschfeld et Moldawshy (27), Ederle(ll), Schleicher (52), Heil- 
meyer et Oortgiese (25), Leitner (41) Larsen et Skadhauge (39) 
(bleu de cresyl brillant avec eventuelle coloration complementaire; 
observation sur le frais en chambre humide ou sur frottis 
desseche). ^ 

Ces techniques ne different en general que par des details de 
peu d’importance. Les resultats obtenus par ces auteurs dans des 
conditions analogues sont neanmoins fort divergentes: les valeurs 
trouvees pour le taux moyen de reticulocytes chez le sujet humain 
normal, d’age adulte, en sont une preuve; elles vont de 0.3 “/qq a 
30 ®/oo- Les resultats dependent trop etroitement de conditions 
acces^oires (qualite du frottis, duree de la coloration, concentration 
des solutions colorarites, etc.) Widal, Abrami et Brule, Moldawsky 
Heilmeyer et Oortgiese, Schleicher, Osgood et Wilhem, Cook, 
Krumbhaar, Friedlander et Wiedemer colorent les hematics en 
presence de citrate ou d’oxalate alcalins. Nous verrons que ces sels 
alterent gravement la coloration des reticulocytes. Des resultats 
aussi variables et inconstants ne se pretent evidemment pas a des 
etudes precises. 

B. — Description de la technique. — Notre methode permet de 
combler cette lacune. File donne des resultats prdcis et reguliers; 
grace a I’elimination de la plupart des causes d’erreurs signalees 
precedemment. Notre methode de coloration est celle de Heil- 
meyer et Trachtenberg (23) legerement modifiee. 


^Yoir egalement Dameshek (5), Fiessinger et Laur (13), Franke (15)» 
Franke (16), Kammerer (34), Johns (31). 
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■Dans un godet en paraffine, on recueille directemcnt quatrc 
oouttes.de sang prelevees au lobe dc I’oreille on a rcxtremite du 
doigt. On y ajoute quatre goiittes de solution a 1 % de bleu de 
cresyl brillant dans du liquide physiologique. Si le sang est pauvre 
en elements figures, il faut reduire la quantite de colorant h une on 
deux gouttes. On melange ensuite avcc un agitateur paraffine et 
on laisse colorer en cjiambre humide pendant vingt minutes. On 
remet tres soigneusement les hematies cn suspension dans le liquide; 
on fait des frottis tres reguliers et minces a partir du melange cL 
on laisse seclier. Pas de fixation. Cette technique pernicl d oblcnir 
sans peine de tres beaux etalements. On peut sans inconvenient 
surcolorer fortement. Les etalements peuvent etre conserves 
pendant quelque temps a sec ou montes dans un milieu non 
reducteur. 

L’observation sur fond noir se fait cn general avcc J’ohjeclif a 
immersion a liuile de cedre. Si Ton utilise un objeclif a immersion 
a I’eau ou un objectif a sec, il est indispensable dc montcr la pre- 
paration sous lamelle dans riuiile de cedre. 

Un condensateur a fond' noir moderne d’ouverturc numcrique 
elevee est indispensable. Les intrumcnls plus anciens (condensateur 
parabolique ou simple diapliragme central) nc peuvent suffire. La 
source lumineuse doit etre d’une inlensite specifique elevee. Les 
petites lampes a incandescence 5 has voltage sont les plus commo- 
des. Tout objectif ^ immersion d’ouvcrlure numcrique dlcvde doit 
etre diaphragm^. 

Les photographies ci-jointes (fig. 1) ont eld obtenues avcc Ic 
condensateur cardioi'de de Z^eiss et avec I’objectif acliromalique a 
immersion, 90 x, de meme marque, diaphragme j'usqu’a Touver- 
ture numcrique de 0.95. ^ 


II est necessaire de travailler avec une grande proprete. Si Ton 
observe sur fond noir un frottis de sang colore comme nous venous 
de I’mdiquer, les hematies mQres apparaissent colorccs en rougo 
vineux; les leucocytes en jaune orange; Ics plaquettes en bleu- vert- 
la substance rtticulo-filamenteuse des reticulocytes est coloree 
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a 

Reticulocytes, hematics, plaquette. 

Fig. 1. 


b 

Leucocyte. 


Avanlagcs de cetle technique. 

a) Identification certaine des reticulocytes sans confusion ou 
omission possibles. Nous verrons plus loin que la coloration de la 
S. R. F. est rigoureusement specifique et qu’elle n’est donnee par 
aucune autre espece de granulation intraglobulaire. 

Nous constatons ici un phenomene remarquable: un colorant peu 
ou pas metachromatique sur fond clair donne sur fond noir une 
serie de superbes teintes metachromatiques. 

b) Grande commodite d’observation; technique beaucoup moins 
fatigante que les methodes courantes; 

c) grande fideiite: resultats independants de la qualite du 
frottis et de I’intensite de la coloration. 

d) Mise en evidence de formes reticulocytaires tres evoluees, 
ou la S. R. F. tres tenue est compl6tement invisible sur fond 
clair. 

Les taux de reticulocytes obtenus sont, done plus elevfe que 
ceux trouves par I’ensemble des methodes classiques. Ils sont, chez 
Thomme normal des deux sexes, compris dans la grande majorite 
des cas entre 15 ‘’/oo ut 25 

Les structures observdes sur fond noir correspondent bien aux 
reticulocytes. En effet: 
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a) on pent aisement verifier cette identite en observant un 

meme element successjivement snr fond clair, sur fond noir, an 
moyen d’un cpndensateur alternatif; ... 

b) dans les .reticulocytes riches en S. R. F., la disposition 
morphologique *de celle-ci est la meme sur fond noir et sur 
fond clair; 

c) la coloration metachromatique jaune-vert de la S. R. F. est, 
nous le verrons, rigoureusement specifique. 

Les formes invisibles sur fond clair sont bien des reticulocytes; en 

effet: 

a) les granulations de ces elements presentent les caracteres 
specifiques d’evolution et de coloration de la S. R. F. 

b) Nous verrons dans un prochain article rclatif a revolution 
des reticulocytes, que les formes riches en S. R. F., visibles 
sur fond clair, evoluent vers des formes invisibles sur fond 
clair, mais visibles seulement sur fond noir (Effet ullra- 
microscopique). 


C. — Influence des aniicoagulants sur la coloralion des reliculocylcs. 


Les experiences in vitro exigent I’emploi de sang rendu incoagu- 
lable. Idima et Rosegger (37) signalcnt que I’addition de citrate 
sodique au sang etudie entraine une alteration de la coloration de 
la substance reticulo-filamenteuse. 

Nous avons etudie I’influence sur la coloralion des reticulocytes 
des solutions anti-coagulantes suivantes: 


solution aqueuse de citrate sodique d 10 % 

» » d'oxalate » » 10 % 

* t> de fluorure » » 5 % 

» de Liquoide de Roche a 800mg "/oo dans Ic liquide physio- 
logique. 

Un mtoe sang MparinS, reparti dans pliisicurs godets, csl rcs- 

ChTsf ™>u«ons. Un 

mom est represente par du sang Iieparine tel gnel. Apres colora- 
tion e etalement, nons procedons 4 une nnmeLon oonlrrtWe 

des rtticnlocytes, Le taWeau ci-dessous donne les rfeull ^dc 0 
experiences semhlables. icsuiiars ae 10 
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Tableau n° 1. 



Heparine 

Citrate Na 

Fluorure Na 

Oxalate Na 

Liquolde 

I 

20 

11 

impossibles 
a compter 

19 


II 

32 


13 

20 

28 

III 

36 


10 

12 

9 

IV 

92 


22 

14 

50 

V 

22 


impossibles 
i compter 

8 

18 

VI 

40 

38 

24 

8 

32 

VII 

33 

20 

18 

12 

16 

VIII 

28 

26 

18 

12 

10 

IX 

28 

10 

10 

8 

22 

X 

14 

14 

7 

4 

12 


L’oxalate, le citrate et le fluorure sodique, ainsi que le liquolde 
Roche, altereht done considerablement la coloration des reticulo- 
cytes. La structure de ces elements est egalement modifiee. L’hepa- 
rine seule n’altere pas cette coloration; elle donne les memes resul- 
tats que ceux que Ton obtient avec du sang preleve directement 
sur paraffine. La structure de la substance reticulofilamenteuse 
n’est pas modifiee. Les autres anti-coagulants donnent des resul- 
tats inferieurs. 

D’apres Heath et Daland (22) le glucose en solution a 8 % gene 
considerablement la coloration des reticulocytes, Nous n’avons rien 
observe de semblable dans de nombreuses experiences sur du sang 
glucose. 

D. — Divers colorants de la substance reticulo-filamenteuse. 

Lem comparaison. 

Unger (61) prefere au bleu de cresyl brillant Ip violet cristal; il 
emploie aussi le sulfate de bleu de Nil, I’Azur et le bleu de methy- 
lene. Klima et Rosegger (37) preferent le sulfate de bleu de Nil. 

Sur fond noir, le bleu de cresyl brillant se montre de beaucoup 
le meilleur colorant des reticulocytes: ceux-ci sont mis en evidence 
en beaucoup plus grand nombre et la S. R. F. apparait avec une 
nettete parfaite. D’accord avec Unger (61), nous avons verifie que 
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sa repartition varue avec Ic colorant utilise. SeuI, le bleu de cresyl 
brillant donne de la metachromasie. Dans ce tableau comme dans 
la suite, les taux sont exprimes cn elements sur 1000 hdmatics. 
Nous avons obtenu sur fond noir les colorations suivanies; 
rouge neutre; blanc verdatre clair — sulfate de bleu do Nil: jaunc 
brun clair — - violet cristal: orange pale, reticulocytes peu visibles 
— Bleu Adetoria: blanchatrc — Violet de Methyle; jaunebrun Bis- 
marck: blanchatre; Elements peu visibles — Bleu de toluidine, 
rouge pale, reticulocytes tres peu visibles. 

Nous considerons done que la teebnique la plus sftre ct la plus 
sensible pour I’etude des reticulocytes est Fexamen sur fond noir 
de preparations de sang pur ou heparind, colore au bleu de cresyl 
brillant, etale et seche, sans fixation. 

Dans la marge des variations rcncontrces dans nos experiences, 
le pH et la pression osmotique n’influencent pas la mise en evi- 
dence des reticulocytes. 


E. — Formulc redculocytaire. 

Plusieurs auteurs ont cte dtabli des classifications des reticulo- 
cytes basees sur les caracteres morpliologiqucs ctrabondance do la 
substance reticulo-filamcnteusc: Engel (12), Gawilow (20), Hcil- 
meyer et Trachtenberg (23), HeilincycretAYestbauscr(24), Mcsirca 
(43). On sait que la S. R. F. est d’autant plus tenuc quo les 
reticulocytes sont plus ages, moins eloignes de I’etat d’Jiematie 
mure. Naegeli (45) Cesaris-Demel (1), Lee, Idinot et Vinennt 
(40), Denecke (6), GavTilow (19), Engel (12), Moldawsky (44), 
Sevfarth et Jurgens (57). 

Nous classons les reticulocytes en 5 groupes en nous basant uiii- 
quement sur la quantite progressivement decroissantc de S. R. F. 
qu’ils contiennent et non sur des caracteres morpliologiqucs peu 
precis et sans grande signification. L’obscrvation sur fond noir 
avec un grossissement eleve (2000 x) permet un veritable dosn«e 
senn-quantitatif de cette substance. ^ 

Cette technique presente divers avantages necessaircs a une 
etude precise: 

coloraton, de la quahtc des preparations ct de la pr&ision do robser- 
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b) reduction, dans une mesure suffisante des facteurs subjectifs 
d’appreciation. 

c) possibilite de diviser I’ensemble du processus evolutif des 
reticulocytes en stades bien definis d’importance k peu pres 
egale. 

Le groupe I correspond aux normoblastes, le gr. V aux hema- 
ties ne contenant plus que quelques traces de substance reticulo- 
filamenteuse (fig. 2). Les cinq groupes que nous considerons ne 
sont naturellement pas superposables aux groupes decrits par 
d’autres auteurs (voir ci-dessus). 

II est evident que cette division en groupes est arbitraire. II 
suffit a la validite des resultats obtenus ^ partir de cesformules, 
bue toutes les evaluations experimentales sp fassent sur la meme 
qase de repartition. De la sorte, d’eventuelles variations individu- 
elles, d’un observateur a I’autre, n’auront par elles^m ernes aucune 
consequence quant a la validite des raisonnements experimentaux 
(voir articles ulterieurs). 

2. Observations des ponctuations basophiles des h^maties. 

La technique d’examen sur fond noir convient parfaitement 
I’observation des ponctuations basophiles des hdmaties, surtout 
frequentes dans I’intoxication par le plomb. La coloration est celle 
de Manson-Schwartz (53 a 56) au bleu de methylene. Pour le reste, 
les details techniques d’observation sur fond noir ont etesuffisam- 
ment exposes plus haut. Dans ces conditions, nous trouvons chez 
rindividu normal un taux d’hematies a ponctuations basophiles 
eleve, atteignant 8 et 14 °/oo‘ 

Ces elements sont normalement presents dans la majorite des 
cas. Sur fond noir, les hematies et les granulations apparaissent 
colorees en brun. Les ponctuations sont reparties tres reguliere- 
ment dans les stromas (fig. 3); toutes les ponctuations d’une hema- 
tic determinee sont, en general, de grosseur analogue. Elies sont 
d’autant plus nombreuses qu’elles soiit plus fines. Elies sont le plus 
souvent trop petites pour dtre visibles sur fond clair. Sur fond noir, 
elles ne peuvent echapper et leur recherche est beaucoup moins 
fatigante que par les methodes d’examen sur fond clair. Nous avons 
contrble I’identite des elements visibles sur fond noir comme nous 
I’avons fait pour les reticulocytes. 
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Dans certains etats pathologiques ne comportant pas d mtoxic - 
tion par le plomb, nous avons rencontre des tauxlres sieves d Ii^ma- 
ties a ponctuations basophiles. (Exemples: 350 •’/ oo Oans un cas 
d’ictere hemolytique acquis; 51®/oo dans un cas de nephrite azo - 
mique; SS^/oo dans une hemorragie). Mais,dans tous ccs cas, Ics 
granulations etaient tr es fines et invisibles sur fond clair, ^ 

La question des rapports existant entre reticulocytes et liema- 
ties a ponctuations basophiles a fait Fobjet de travaux assez nom- 
breux. Les conclusions sent opposees. 

Widal, Abrami et Brule (65) concluent a la non idcntile de ces 
elements. D’apres ces auteurs on trouve toujours des reticulocytes 
chez I’homme normal, mais pas d’hematies a granulations baso- 
philes. Ils observent dans un cas d^ictere hemolytique (63, 64) 


65 % d’hematies granuleuses; colorant apres fixation, ils n’observcnt 
plus aucun element granuleux. Pour Schilling, (50) les hematics a 
ponctuations basophiles sent des formes pathologiques d’hematies 
Jeunes; elles representent des reticulocytes modifies, alteres. D’ap- 
res cet auteur, le bleu de cresyl brillant colorc indifferemment les 
deux especes d’elements. Schilling pretend observer tous les inter- 
mddiaires entre les deux structures. P. Dustin Jr. (10), suivant 
dans des conditions d^terminees les modifications de ces structures, 
les voit se transformer I’une dans I’autre. ” 

Une serie d’examens de sang pratiques d’apres nos techniques 
dans des circonstances diverses nous conduisent a admettre la 
non identite des reticulocytes et des hematics a ponctuations 
basophiles. 


Les caracteres de coloration differents ne suffi.scnt pas a prouver 
cette non identite. 11 se pourrait que substance reliculo-filamcn- 
teuse et ponctuations basophiles correspondent a une memo sub- 
stance revelee sous des aspects dissemblables apres action dc reac- 
tifs differents. 


" Consul ter dans un article de H i., • ... 

relatifs d cette question ainci nno To’c tc resumd I’anlrcs travaux 

taires. ^ md, cations bibliographiqucs complcmcn- 
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a) le tableau ci-dessous contient les resullats de numerations 
comparatives de ces elements pratiquecs dans 52 cas normaux ou 
patliologiques a Fexclusion de I’intoxication saturnine. (Tauxexpri- 
mds cn elemerils sur mille). 


Tableau n® 2. 


No 

Reticul. 

Ponct. 

bas. 

No 

RcUcul. 

lionet. 

bas. 

No 

Relicul. 

Ponct. 

.bas. 

1 

35.7 

10 

18 

18 

0 

35 

30 

4 

2 

6 

S 

19 

53 

40 

30 

92 

48 

3 

508 

350 

20 

19 

10 

37 

22 

0.5 

4 

31.8 

6 

21 

18 

11 

38 

28 

5 

5 

0 

7 

22 

10 

f) 

39 

8 

5 

6 

14.4 

0.5 

23 

14 

0 

40 

14 

4 

7 

17 

0 

24 

33.1 

7 

11 

40 ■ 

1 

8 

19 

8 

25 

13 

0 

42 

45 

20 

9 

29 

51 

20 

0.5 

0 

43 

9 

0 

10 

12 

2 

27 

14 

0 

4 1 

20 

0 

11 

344 

04 

28 

GO 

2 

45 

14 

0 

12 

20 

11 

29 

10.5 

0 

40 

24 

0 

13 

29 

0 

30 

00 

8 

17 

35 

0 

14 

15.4 

14 

31 

195 

35 

48 

42 

1 

15 

22.4 

3 

32 

88 

18 

49 

37 

1 

10 

19.0 

2 

33 

28 

0 

50 

19 

0 

17 

25 

8 

34 

28 

1 

51 

30 

0 







52 

15 

0 


Contrairement aux conclusions de Widal, Abrami ct Brule, les 
hematics a ponctuations basophilcs sont prescnles dans la plupart 
des cas. Certaines reticulocytoscs elcvees coincident avec un taux 
eleve d’hematies, a ponctuations basophilcs; (n:o 1, 3, 11, 19, 31, 
32, 36) cctte relation n’cst pas conslantc. Nous avons d’autrc pari 
trouve dans les deux cas d’icterc hcmol^'tiquc un taux exceptioncl- 
lement eleve de ces elements (n:o 3 et 32), contrairement a Widal, 
Abrami et Brule. L’absence de ponctuations basopliiles pent co- 
'incider avec une reticulocytose clevce; par contre, on pent rencon- 
trer des ponctuations basophilcs dans un sang totalcment prive 
de reticulocytes (n;o 5 anemic aplastique). En depit des rectifica- 
tions que I’amelioration de technique nous conduit a lui apporter, 
I’argument de Widal, Abrami et Brule conserve toutc sa valeur. 
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b’) Klima ct Scy fried (36) ont signale Tcxis fence dc granulations 
basophilcs dans les elements rouges dc la nioellc. Nous avons exa- 
mine sur fond noir dcs frottis dc mocllc stcrnale colorec par la 
metliode de Manson-Sebwartz. L’cxamcn sur fond noir pcrmcl 
seal la niise en evidence des fines granulations basophilcs dansics 
^rytlirocytes muclees. Sur fond dair, beaucoup de ponctuations 
basophilcs sont dissimulccs par I’intensc coloration de fond du 
protoplasme. II n’est des lors pas possible dc conclure avee certi- 
tude a la presence ou fi rabsence dc fines ponctuations dans un 
normoblaste determine. Sur fond noir, Ic protoplasme dcs normo- 
blastes apparait optiqueineni vide (eldncnts a noyau pycnoti- 
que) et les ponctuations basophilcs brillantcs se detachent sur Ic 
fond sombre du protoplasme avee unc grande nettete (fig. 3) Dans 
ces conditions, une faiblc fraction des normoblasles contiennenl 
des ponctuations basophilcs. On sail quo In substance rcticulo- 
filamenteuse cst prcscnlc dans tons les normoblastcs. 

c) an coins de la conservation du sang a I’ctuvc a 37® C. nous 
avons observe (voir communication ullerieurc) une augmcnlalion 
nettc du nombre des hematics a ponctuations basophilcs ninsi que 
de la grosseur de cette dcrnicrc. Au contrairc, les reticulocytes 
vont en diminuant dc nombre cn mcnic temps quo la substance 
reticulo-filamcntcuse dccroit. Cc phenomene d’augmentation des 
ponctuations basophilcs n’est pas constant. 

Nous ne pouvons nous rallicr a rasscrlion dc Schilling (50) 
d’apres laqucllc Ic bleu de cresyl brillant colorc a la fois la substance 
reticulo-filamcnteusc ct Ics ponctuations basophilcs; cn effet; 

a) line bonne coloration au bleu dc cresyl brillant ne montre 
jamais la repartition parfaitement rcgulicrc si caracteristique 
des ponctuations basophilcs. 

b) dans un sangcontenant 7 “/ood’Iiemal ics a ponctuations baso- 
pliiles colorecs par la metliode dc lilanson-.Sclnvartz et observecs 
sur fond noir, la coloration au bleu de cresyl brillant combinee a 

examen sur fond noir a riivelc I’ab.scncc complete dc reticulocytes 
. (tableau n® 2 — cas n° 5). Dans un autre cas (n® 9) (tableau n® 2) 
on trouve plus d’hematies a p.b. que dc reticulocytes. 

Par ailleurs, la presence cn quanlilc plus oil inoins urnnilo 
pnrfois nolnblc, dc ponctunlions bnsopWIcs chez lieauconpVinclii 
Hlus pnraissanl norraaux, ne pcrmel pas dc rcconnatlre !i ces tie- 
ents un cnrnclero fondaraenlalerocnl ct nctleraent pnll.oiogique 
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Dans certains etats s’accompagnant d’une stimulation de la 
moelle, revelee par une crise reticulocytaire avec deplacement de 
la formule reticulocytaire vers la gauche (formes jeunes) on peut 
observer une augmentation du taux des hematics a ponctuations 
basophiles. Bien que ce dernier phenomene ne soit pas constant, 
on peut admettre qu’une relation cxiste, dans une mesure limilk 
entre les deux especes d’elements, en ce sens que, dans les etats de 
grande stimulation de la moelle, une proportion plus elevee d’hema- 
ties contiennent des ponctuations basophiles. Cette relation ne 
peut se comprendre dans le sens d’une simple identite de nature. 
II s’agit de processus differenls. Dans I’elat actuel de nos con- 
naissances, il n’est pas possible de donncr des precisions sur les rela- 
tions qui semblent exister entre eux. 


3. Corps et granulations de Heinz. 

En 1890, Heinz (26) obscrva dans le sang d’animaux intoxi- 
ques par la phenylliydrazine une nouvelle espece d’hematies 
granuleuses. Roehl, en 1890 (48) observa les m ernes structures 
basophile apres intoxication par le dinitrophenol. On trou- 
vera dans un article de P. Dustin Jr. (10) une liste des sub- 
stances dont I’administration entraine Tapparition de corps 
de Heinz. 

Nous avons vu apparaitre ces elements dans le sang conserve a 
I’etuve pendant un temps suffisant. II est possible que les granules 
observes par Huber (30) dans les sangs abandonnes pendant plusi- 
eurs jours, correspondent a des corps de Heinz. Cette fois encore, 
la technique d’observation sur fond noir, appliquee a des prepara- 
tions colorees de ces elements, presente de grands avantages. Les 
corps de Heinz colores supravitalcment par le bleu de cresyl bril- 
lant, le bleu de Nil ou le violet de methyle presentent sur fond noir 
une tres belle coloration brune, intense surtout avec le bleu de Nil. 
L’intensite de la coloration par le bleu de Nil a ete signalee par - 
Friedstein (18). Toutefois le bleu de cresyl brillant donne une 
belle coloration brun-rouge un peu moins intense mais plus fine. 
On considerait jusqu’a present que les corps de Heinz volumi- 
neux se rencontraient en petit nombre dans les hematics interessees; 
ces caracteristiques morphologiques limitaient a des cas peu fr6- 
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quents I’evenlualile d’unc confusion avcc un reliculocylc 
inetliodcs de coloration sent, remarquons-Ie, analogues, 

avons constate que la morphologic dcs corps dc Heinz 
varie suivant le sujet hiimain ou I’animal en experience et suivant 
la quantite dc toxique. Lcs corps dc Heinz obtenus par I’aclion dc 
la phdnylhydrazine in vilro sur le sang humain sonl tantot volu- 
mineux, d’unc morphologic assez typique, tantot plus peUts el 
difficilcs h distingucr des rdticulocylcs, quelle que soil la methodc 
sur fond Clair utilise. Chez I’animal (Chicu) la disposition dc cell c 
structure basophilc obtenue par Taction dc la pbenylhydrazinc in 
vitro ou in vivo, nc permet absolument pas dc la distingucr dircc- 
tement des reticulocytes, quelle que soil son nbondance dans les 


hematics. Sur fond clair, lcs deux structures sont identiques, tant 
par leur morphologic quo par Icur coloration. L’cxamen sur fond 
noir permet unc distinction direcle, sQre cl precise dcs deux ele- 
ments; line preparation colorec au bleu de cresyl brillant par la 
methode decrite ci-dcssus a propos dcs reticulocytes ct observee 
sur fond noir montre lcs hematics colorees cn rouge, la S. R. F. cn 
vert-dore, lcs corps dc Heinz cn brun-rougc. Aucunc difference 
de coloration n’est visible sur fond clair. Nous proposons d’appolcr 
CCS structures »granuIations dc Hcinz». Un assoz grand nombre 
de travaux ont pour but d’etudier lcs reticulocytes obtenus par 
Tadministration de phenylliydrazine. Schilling (51) R. Due.sberg 
(7, 8, 9) Tanzi (59, 00) Katchoura (35) Fiessinger el Laur ( 14 ), sig- 
nalent dans ces conditions dcs rdliculocyloscs massives. Ccs relicu- 
locytoses ont etd etudiees par Johnson cl Bcrglund (32), Rilz (-17) 
Gawilow (20) Withby ct Britton (62), Yang et Bcrglund (OS) 
Massa (42), Wright ct Payling (67) etc. Les phenomencs observes 


par ces auteurs doivent Clre reconsid^rds experimentaiement. En 
realite, notre technique nous a permis dc constater avcc certitude 
que lcs elements etudids par ccs auteurs nc .sont pas tous des reti- 
culocytes, mais, en grande partie tout au moins, dcs hematics a 
granulations de Heinz. 

Nous poursuivons actuellcmcnt, en collaboration avcc A 
Lambrcchts, des experiences sur le comporlcmcnt re.spcclif des 
reticulocytes et des granulations de Heinz au cours de Tintoxica- 
t™ mgue par la ph6„y,hydraai„c. Notre technique no Tc^^t 
* procedcr sans h nroindre pD.Jbi,i,e "iVeeX- 
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sion la numeration comparative de ces deux dements sur un 
meme frottis de sang. 

Les granulations de Heinz sont bien visibles sur le frais.'sans 
coloration, en cliambre liumide. Elies apparaissent admirablement 
sur fond noir. 11 arrive qu’elles se detachent de la paroi globulaire 
et se retrouvent, en liberte, animees du mouvement bro%vnien. 

Remarques: a) la coloration au bleu de cresyl brillant combine 
avec I’examen sur fond noir assure la distinction de la substance 
reticulo-filamenteuse et des granulations de Heinz, grace a la colo- 
ration differente de ces elements sur fond noir et sans recourir ^ 
des metbodes de coloration d-une precision et d’iine regularite 
relatives. 

b) Contrairement aux assertions de P. Dustin Jr. (10), le rouge 
neutre ne met pas les granulations de Heinz obtenues par la phenyl- 
hydrazine en evidence sur frottis desseches; apres coloration post- 
vitale, sur fond clair ou spr fond noir. La distinction de ces ele- 
ments d’av'ec les reticulocytes, colorables par cette methode, est 
done assuree. 

c) La technique de coloration de IManson-Schwartz combinee 
avec I’examen sur fond noir ne montre pas les granulations de Heinz 
et ne colore pas les ponctuations basophiles (voir plus haut). La 
distinction de ces deux derniers elements est done egalement 
assuree. 

Conclusions. 

La technique d’examen sur fond noir de preparations colonies 
permet une identification facile, sure et precise des differentes 
structures granuleuses des globules rouges. Elle permet d’eliuiiuer 
de nombreuses confusions et erreurs commises jusqu’^ present. 
Cette technique repose sur une observation fondamentale, & savoir, 
que certains colorants manifestent sur fond noir des colorations 
electives et des metachromasies que Texamen classique stir fond 
clair ne met pas en evidence. Ce phenomene est certainement 
susceptible d’une application dtendue en histolo^e. Nos techni- 
ques sont particulierement favdrables a Tetude des granulations 
et des fines structures. II est necessaire de faire preuve de discerne- 
ment et de prudence. 

Des elements invisibles sur fond clair apparaissent sur fond 
noir, mais le contraire se presente dgalement. C’est ainsi qu’il 
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est possible par I’observation sur fond noir en faisant disparaitre 
certains elements visibles sur fond clair, de mieux mettre en evi- 
dence des structures determinees (voir plus haut: observation des 
granulations basopbiles dans les normoblastes). 

Divers auteurs ont applique la technique du microscope electro- 
nique a I’etude des hematics (Wolpers) (66) Jung (33), Dans I’etat 
actuel de cette technique et pour certains huts, nos methodes parais- 
sent preferables. Lorsqu’il s’agit de la mise en evidence de fines 
granulations, elles lui sont superieures, grace a I’effet ultramicro- 
scopique. La technique du microscope electronique est couteuse, 
compliquee; elle reclame des manipulations plus complexes, sour- 
ce d’artefacts; inconvenient tres grave, elle ne comporte pas la 
coloration specifique des elements; de plus, elle ne permet d’etudier 
que peu d’ elements a la fois; elle se prete done mal a retablissement 
de formules. Nos techniques, au contraire, sont simples et pre- 
cises, rapides, peu couteuses, peu fatigantes. Elles comportent peu 
de causes d’erreurs, Elles permettent I’identification precise des 
diverses s ructures par I’emploi de colorations specifiques. Enfin, 
elles rendent possible d’examen rapide et direct d’un grand nombre 
d’ elements et I’etablissement commode de formules sanguines 
precises. 
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Incipient myelomatosis or «essential« hyper- 
globulinemia with fibrinogenopenia — 
a new syndrome? 
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The real nature of myelomatosis. 

The title of this paper may at first seem somewhat surprising. 
The myeloma has of old had a reputation as a well defined clinical 
entity. With the aid of the typical changes on the X-ray film and 
guided by the examination of the cells from a sternal puncture the 
diagnosis should therefore be easy and there ought not to be found 
any serious diagnostical troubles. In the following 1 am going to 
give a description of two cases, who have several symptoms suggest- 
ing myelomatosis but also show decided differences,. They are very 
much alike even as regards details in the chemistry of the blood 
proteins and it seems probable according to my opinion, that they 
suffer from the same malady. A third case very much resembles 
these two patients but also shows other signs, that do not fit in 
so well wdth the picture. 

It might be possible to regard these patients as myeloma wthout 
myeloma i. e. the hypothesis may be propounded, that we have 
to do with a premyelomatous stage of the malady vdth only in- 
crease in serum globulins but not yet with the secondary deposition 
of myeloma tissue, plasma cells, in the bone marrow (Walden- 
strom 1942). I have recently pointed out,' that many facts in the 
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Clinical picture of myeloma Yvoukl be explnined, if we assume that 
the maLy were really a thesaurismosis. The primary change 
should be a deranged protein metabolism TUth secondary deposition 
of these pathological products, above all globulins, m the bone 
marroYv. If this were true the disease ought not to be regarded a sa 
true neoplasm but rather as an analogon of the socallcd lipoidoses 
e. g.Mb. Gaucher or Schuller-Clirislian (Also the skeletal xantho- 
mata were until quite recently regarded as tumours). The real, 
cause of the disturbed protein metabolism is as yet unknown but 
some possible explanations vail be discussed later. 

Before I proceed to a discussion of the diagnosis etc. I shall 

give the case histories. 

o 


Case histories. 


Case 1. Farm labourer born in 1 SSI. Nr. 79-J/-t2. lleredilarily nolhing 
known (mctlier dead, fatlier unknown). Previous mnlndic.': of no inlcrcsl. 
In Aug. pains in tlic shoulders and left mist. Admit led to the Medical 
Clinic on Aug. 19th (for hematological data so table 1). 

From internal organs nothing of interest. Blood pressure M5/110. Lcfl- 
sided hydrocele, the size of cocoanul. Left shoulder no swelling or red- 
ness but diffuse painfulness on pressure chiefly from the axilla. All move- 
ments painful. Other joints show nothing abnormal. No anemia, W. R. 
neg., no albuminuria. X-ray; Left shoulder: no skeletal changes, no 
calcified bursa. Heart; aortic configuration. Lungs: normal. No fever. 
Later several severe nose bleedings rvhich caused some anemia. Dismissed 
on Noal 22d mo cause of the increased S. R. has been foundft. — Ordered 


iron pills and active movements. After springtime 1936 no troubles from 
the joints but several, severe, nose bleedings. In the springtime 194J 3 
weeks in the Otiatric Clinic for these complaints. On March IGth/542 
»infiuenza». Admitted on March 2lsl with typical .signs of lobar pneumo- 
nia. Has had no severe bleedings lately. From status: Dyspnoic, slight 
edema of the feet, some cyanosis. Rather severe eczematous changes on 
the trunk. Slight on arms and legs. Typicafsignsofpneumoniasin. (X-ray) 
Heart nothing abnormal, Bloodpressurc 1 80/1 15. High fever. Blood 
values: se table. The condition of the patient improved rapidly. Fractio- 
nal lest meal; Free HCl 55 after 0.2 g caffeine. Serumiron 56 v %; non 
protein nitrogen 43 mg %. Meulengraclil 2. Blectrocardiograni; nothing 
pathological. From the hydrocele were drawn 2 litres of fluid. X-rav of 

iT n^yeloma. W. R. neg. (slight aiilo-inhibi- 

chn ' ri ^ ^ pabenl was controlled several limes. He usually 

Blold ex"”"' or Bence-Jones proteinuria 

had some severe nasal and gingival bleedings. No pains of any 
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kind. The patient was treated several times at the Medical Clinic with 
venesections, retransfusions of his own erythrocytes and transfusions. No 
real change in the status during the year but there were found a few en- 
larged lymph glands. One of these was excised. After this operation 
bleeding -from the wound for more than a fortnight. Micr. picture: catarrhal 
changes in the sinuses with localised fibrous and hyaline induration. Some 
increase of plasma cells. No signs of tumor. Decidedly no myeloma (Gcl- 
lersledt). 

In Jan. 104.3 new transfusion after severe epistaxis. Coagulation-time 
tested with glass-bead in a small test tube 11.5 min. (normal person 3.25 
min.). Bleeding time 8.5 min. (normal person 2.5 min.). Meulengracht 4. 
The values for citric acid and phosphatase rverc normal. The patient was 
treated with transfusions of in all 900 cm® and large venesections of a litre; 
the red corpuscles were allow’ed to sediment and were reinfused. After 
this treatment no bleedings. 

Readmitted to the Surgical Clin, on March 23rd 1043 for severe abdo- 
minal pains on the right side. From the status: severe meteorism and 
painfulnes in the right upper abdominal quadrant. Leucocytosis of 14000 
cells. In the sediment there were found some erythrocjdes. The pains 
disappeared after a few days. The patient was treated with large trans- 
fusions of in all 1300 ml blood. In spile of this not more than 1.5 mill. Ery. 
Bloodpr. 115/75. Persistent slight albuminuria. No casts Bence Jones neg. 
Water tolerance test (1000 ml). In 2 hours 280 ml; lowest spec. grav. 
1,012. 4 hours 405 ml, 1370 ml in 24 hours, with highest spec. grav. 1,021. 
Decreased from 05 — 63.3 kg in weight. Blodpressure 115/75. Sternal 
puncture: no marrow' could be aspired. On April 3rd suddenly pains in 
the right knee joint (probably bleeding). Ocular fundi show' multiple 
bleedings round the papillae. X-ray of the skeleton only showed a periosteal 
thickening on the left femur. 

A new water tolerance test w'as performed with 1500 ml instead of one 
liter. During the first 2 hours excretion of 310 ml in 4 hours 515 in 24 
hours 1400. Spec. grav. 1,017 — 1,020. After several transfusions his status 
was considerably improved. He had no bleedings and felt much better. 
Dismissed with Hgb 30. Red. 1 . 6 , White 7000 on May 27lh. 

The serum and blood of the patient show’ed many peculiarities which 
will be discussed and described in the text. 

CAse U, Farmer born in 1878. No 2394/1942. Hereditarily nothing 
of importance. In 1928 trauma against the left eye, with luxatio lentiset 
ablatio retinae. Since Aug. 1941 decreasing vision on the right eye. Treat- 
ed in the Ophthalmiatric Clinic Aug. 9th— Aug. 16th 1941 for thrombosis 
venae centralis retinae dxt. Since then status quo. Is not able to read. 
Oct. 1941 bleedings from nose and gingiva. Treated with injections w'ithout 
any certain effect. 

Admitted to the Med. Clin, on April 29th 1942. No dyspnoea, no fever, 
some bleedings from the gingiva. Some enlarged lymph glands in the fossae 
supraclaviculares and below the mandibula. Heart: nothing abnormal. 
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Wood OTOssure 120/85. No albomimiria. Drobilin; (races. Urotalmogcnnog. 

' skoloion ao sigas of myeloma. W. R. aeg. Moalcagrach 2. C, r.c 
feid 31 4 v/ml. Phosphatase 3.6 Ph.unils. Readmitted several times during 
the folioXg months for bleedings. Blood values see table Treated with 
large transfusions; bleedings very much improved. Feels belter than for 
several years. In Oct. and Dec. 1942 and Febr.1943 treadmitted for trans- 
fusions X-ray skeleton several limes, no signs of myeloma. Serum calcium 
normal, citric acid very high (79.7 y /ml.) Phosphatase low. Mculengracht 4. 

Readmitted on April 7th 1943 for transfusions. Has been quite well for 
about a month after the last transfusions. During this time no bleedings 
from the nose or mouth but these have relapsed of late. Has felt very tired 
and dyspnoic. No edema, no pains of any kind. On admittance gingival and 
nasal bleedings. Lymph glands as before. Heart nothing abnormal, blood- 
pressure 125/95. No albuminuria. Hgb 36 %, Ery 2.1 mill. Leucocytes 
9500. Platelets 120000. Prothrombin index 103. F-gel 10 sec. Retie. 12®/co 


Coagulation time (Howell-Gram) 10 min. A sternalpuncfure was attempted 
but it was impossible to aspire any fluid Ibrough the needle. There was 
continous bleeding from the wound for more than 12 hours. Water tole- 
rance test. 1000 ml. After 2 hours 545 ml, 4 hours 790 ml,, 24 hourslSuO. 
Spec. grav. varied between 1.009 and 1.020, Citric acid in the serum 
76.8 y/ml. Phosphatase 2 Ph, un. 

Readmitted on May 27th 1943. Has fell belter but never been free 
from bleedings which have increased considerably during the last days. The 
mouth has been filled with blood. Status as before. Blood prc.s.siiro 105/75. 
Hgb 20 %, Ery 1.3, No albuminuria. Platelets 115000. After a transfusion 
considerable improvement. Hgb 30 Ery 1.6. Wiile 6700. DisniLssodon 
June lOlh. 


Case III, Farmer born in 1880. No. 1095/1941, Hereditarily nothing 
of importance, no previous maladies. In 1940 some coughing and anemia. 
Treated with injections. Admitted on April lG:(h 1941 for fatigue and 
dyspnoea. No pains, no loss of weight, no fever. Some lymph glands the 
size of a bean on the neck, in the axillae and inguina. Internal organs othor- 
uise normal. Blood pressure 120/70. No albuminuria or urohilinuria. Free 
HCl 75 after 0.2 caff. A lymph gland was excised. Itfilroscopical diagno- 
sis: localized proliferation of the reticulum but without anv signs of granu- 
loma or tumor. Partial reticulosis (GeJlerstcdt). W.R.ncg. No autoinhibi- 
tion. Blood values see table. 

The status of the patient has been followed several (7) limes in the Out- 
pat. Dep. The Hgb was varied between 56 and 38 %. The Ery 3.8 to 2 0 
mill. Serum iron low 25 Persistent slight albuminuria. No Bence 
Jones protein. Sed: nothing pathological. The skeleton was x-rayed seve- 

Readmitted on March 18lh 1943 for increasimr fi/iV.,o mi 

pressure 120/70. X-rayi SkuJI, verletrul column, „o signs ol niyc- 
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loma. Bleeding time 3.5' Coagulation time {IIowell-Gram) 7’ Albuminuna 
1_2.5®/(,0' Non protein N. 30 mg %. Kongo red test: after one hour very 
slight bine colour of plasma after addition of HCl. No coloration in tlie urine 
■with HCl. 

Readmitted on Uay 27th. Very feeble. Bad appetite. Edema of the 
legs, abdominal wall and hands. No bleedings. Heart normal, blood pres- 
sure 80/35. Liver enlarged. Albuminuria 2.5 — 4»/o<„ but no Bence Jones 
protein. Capillary resistance: no bleedings after 50 min. pressure for 15 
min. or 100 mm for 15 min. X-ray of vertebral column, pelvis.and cranium 
no signs of myeloma. 

The general status was very poor. The patient had no appetite at all. 
His edema increased considerably (verj' severe hypo-albuminemia!) in 
spite of blood transfusions. After a period of diarrhoea the patient died on 
June 18lh. 

Differential counts from blood and sternal punctures from Cases I — III. 

Case I. 

Blood. 

Neutroph. Eo Baso Lymphoc. Monoc. Normobl. IMycloc, Pl.asnmcclls 


21/4 42 

50.6 C.5 — 

37 

6 



19/10 I) 

55 1 — ■ 

30 

8 

2/200 


17/11 » 

51.5 0.5 — 

45.5 

2.5 

3/200 


27/3 43 

56 2 — 

30 

8.5 


2% 

Bone 

marrow. 






17/11 42. Mj'eloblasts 0.0% Neutrophilic myelocytes 2.0 Neutroph. 
leucoc. 23.2 Monocytes 2.0 »Lymphocyles» 70.2 Plasma cells 0.4 Normo- 
blasts 1.0. 

27/3 43. N. Myelocytes 2.0 % Eosinophilic m. c. 0.2. Neutroph. leucoc. 
28 . Monocytes 2 . 0 . »Lymphocytes.> 04, Normoblasts 3.2. Pla.smacellsO.j'. 
Rare erythrocytes show polychromasia and basophilic stippling. Sligiit 
Misocytosis. Very few typical plasma cells. No cells suspect for myclo- 


Case n. 

Blood. 

Neutro. Eo. 
10/6 42 40 2 

23/7 44 1 

19/10 GO 0.5 

15/2 43 49 — 


Baso. 

Lympho. 

iifono. 

Normoblasts. 

— 

54 

8 


' — 

50 

3.5 

2/200 

0.5 

35 

4 

1/200 

0,5 

• 44.5 

4 



Bone Marrow. 
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The lymphocytoid cells were mostly spindle shaped with protoplasnia- 
tic bodies often separated from the mother cells, sometimes vacuolized. 

Case IIJ. 


Blood. 


Neutro. 

Eo 

Baso. 

Lympho. 

Mono. 

Normoblasts. 

3/6 41 54 

1 

0.5 

34 

10.5 


19/12 41 39 

1.5 

0.5 

31.5 

8 


1/2 42 40 

2.5 

— 

51 

6.5 


6/6 42 58 

0.5 

— 

35 

6.5 

1/200 

20/3 43 57 

1.5 

— 

30.5 

9 

2/200 


Bone marrow. 

16/4 41. Mj'elohlasts 0.6. Promyelocytes 0.8 Neutrophilic m. c. 13.8 
Eo. m. c. 0.4. Neutrophilic meta m. c. O.GN.phil. leucoc. 33.8. Lymphocy- 
tes 14.4 Monocytes 2.0. Plasmacells 3.4. Normoblasts 20.6. 

1/2 42. Very cellular marrow. Plasma cells in groups very rare. 
Spindle-shaped »lymphocytes» are to be seen. 

M. bl. 0.2 %. N. ph. m. c. 16.2. Eo. m. c. 0.6. N.meta m. c. 20.2. N. I. c. 
29.0. Eo 1. c. 0.6. Monoc. 0.6. Lymphoc. 13.6. Plasma cells 1.6. Normo- 
blasts 16.8. 

20/3 43 M. bl. 0.2 % N. m. c. 2.4. Eo m. c. 0.2, N. Metam. 3.0. Neu- 
trophils 17.0 Eo 1. 0.6. Baso 1. 0.2. Monocytes 1.4. aLymphocylesD 69.4. 
Plasma cells 1.6, Normoblasts 3.4. 

Very frequent darkly basophilic protoplasmatic bodies, partly vascuo- 
lized, partly resembling polychromatic erythrocytes. It is sometimes 
clearly to be seen, that they originate from the lymphocytoid cells. Such 
bodies are not to be found in the blood. Very numerous naked nuclei. 


Discussion of the diagnosis. 

The clinical picture in the first two cases is very similar and this 
seems to indicate that they suffer from the same malady. An elder- 
ly man comes to the doctor because of symptoms, that are probably 
caused by an anemia with a tendency to bleedings. At the ordinary 
clinical examination we find a generalized slight enlargement of the 
lymph glands vath considerable anemia. This is normochromic or 
slightly hyperchromic, without signs of hemolysis (bilirubinemia 
or urobilinuria) or increased regeneration (reticulocytosis). A cer- 
tain leucocytosis was found in Case II. His blood also showed mono- 
nuclear cells of a type that is difficult to determine. The bone marrow 
.has the same appearance in both cases with chiejly lymphocyloid 
cells. On repeated examinations plasma cells ^yere only found in 
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normal percentages or at the upper limit of the normal The ^yllitc 
blood cells show nothing, that indicates a leukemia. 1 he paticn s 
have been followed for a long time (one for more than seven yeans, 
the other for two years without any rapid changes in Urn status). 
Among the clinical features the excessive sedimcnladon of (he 
cnjihroajlcs is one of the most striking. A detailed analyses sliows, 
that it is caused by a very marked increase in the globulin content 
of the scrtmi'. The content of fibrinogen however ispathologically 
low. These facts make it possible to characterize the cases and 
place them in a special group. Is it po.ssihlc to correlate them with 
other wellknovm maladies? 

A diagnosis that has always hcen the cause of much discussion is 
chronic aleukemic lymphadenosis. As far as this condition later 
develops into a manifest lymphatic leukemia the diagnosis aleuke- 
mic leukemia seems to be legitimate. Sternal puncture may Iced us 
to suspect this malady in cases without visible enlargement of the 
glands or typical blood picture. Such cases with a primary 
proliferation of lymphoid cells in the hone marrow later followed 
by a typical leukemia arc of very great importance. They arc very 
rare (cf the work of Hynes lO'lO where no case developed a real leu- 
kemia). Very often there is really an aplastic anemia present 
which later develops into a final acute leukemia. 

This diagnosis: panhemocytophtisis with or without mycloblas- 
tic proliferation (so-called mycloblastic leukemia) might also be 
discussed because of the atypical bone marrow picture. 

The longdrami clinical course however .s])oaks against it, nor 
was it possible to find any typical pathological myeloblasts among 
the small mononuclear cells found at sternal punctures. 

Is marked increase in serum globulins a sign, that has been 
described in leukemia? Snapper publislics a rather extensive study 
concerning this problem and he points out, that hyperprotcinemia 
speaks against the diagnosis uncomplicated leukemia. In rare 
instances S. found border-line values. Out of 1 :> cases one showed 
a globulin value of 3.3 o/, (^vilh 1.0 o/^ euglobnlin). It was an in- 
stance o myelosis chronica. In a case of chronic lyniplialic leukc- 

the value was 3.0 %. Low values for the fibrinogen have not 
been published as far as I know. 

arc fcnortedTl' 'Wwglohulincmia i„ the lilcraUirc 

P have slioira signs of leukemia at the poslniorlcm. 
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Gross has published a patient, whose malady was interpreted as 
aleukemic myelosis with a protein content of 14.8 %. Keilhack in a 
similar case but without post mortem found 8.6 % globulin of 
which 75.6 % was euglobulin. The patient had 9000 leucocytes in 
the blood; of these some were unripe. Thrombocytopenia. No 
X-ray examination of the skeleton. Bilrkel places his case, that 
is often quoted, among the atypical myelomata and it is evident 
that also the anatomical diagnosis may be very difficult and uncer- 
tain. Some of the above-mentioned patients may possibly have 
suffered from the same malady as my two patients. 

Snapper discusses the possibility of a simple combination of the 
two independent maladies: myeloma and leukemia in a patient 
he was able to observe. In my cases the long-draw course (up to 7 
years without the appearance of signs of real leukemia), the histo- 
logical picture of the bone marrow, the severe fibrinogenoperiia, 
the remarkable increase in serum globulins together with the ab- 
sence of the common clinical signs of leukemia speak against this 
latter diagnosis. 

In none of my patients was there any pains indicating a skeletal 
affection but in some cases recently' published, who showed a ^\^de- 
spread myelomatosis at the section, there were never any pains 
(Cases 1 and XII, Waldenstrom, 1942). X-ray pictures have been 
taken of the skeleton at different stages of the malady but no signs 
of myeloma have been found. As- a matter of fact this does not 
prove that there is not present the form of the malady, that we call 
general myelomatosis. The result of the sternal punctures seems 
more important and the bone marrow has therefore been examined 
on several occasions. Both in Case 1 and Case II there was found a 
picture that is definitely pathological. According to the experi- 
ences put doAvn in literature and also Avith regard to my owm of 
10 cases with myeloma, the picture does not in any way resemble 
what we find in this malady. There is not any decided increase in 
plasma = myeloma cells; the pathological cells are all very small 
Avith no characteristic histological details. 

The third patient differs from the others in certain respects. 

His platelet counts for instance are constantly elevated not decre- 
ased as with the other patients, the formol-gel reaction is not so 
rapid, even if the value for the globulin is very high, he does not 
suffer from any bleedings and shows no fibrinogenopenia, he has a 
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more marked leucocytosis and lately he has developed a massive 
albuminuria indicating a »nephrosis».- At the present stage it is not 
easy to fudge if these differences are more important than the 
Tesemblauces. At the last sternal puncture plasma cells in small 
clusters have been observed. This may possibly speak in favour of 
the diagnosis multiple myeloma (cf. Waldenstrom, 1942). 

The question is near at hand if there are no exactly similar 
cases published in the literature. I have tried to go through all 
papers, -that may possibly have some bearing upon this question 
and I have found a few instances witli a very similar clinical pic- 
ture. One was published by Bing and Plum (later also by Gormsen 
1942). This patient was also an elderly man (65 years). For 3 years 
troubles with noscblccdings and mclacna. After 2 years also im- 
paired "vnsidn. He was examined in a liospital whore tlic diagnosis 
retinitis Iiaemorrhagica was made. Hypcrchromic anemia (45 % 
2.1 mill.) 6900 leucocytes. The diagnosis lymphatic leucemia was 
made and the patient has since been regarded as an instance of this 
malady. He had severe hyperglobulincmia (8 — 8.9 %) strong 
formol-gel reaction (2') and a S. R. of IGO/hr. A. later differential 
count showed 50 % lymphocytes; 43 % ncutrophilcs and 7 % 
monocytes with a total count of 5000. Serum calcium 11.4 mg%. 
Bleeding time 10 min, A year after the first status the patient 
showed no enlargement of the Ij'mph glands. Liver and spleen nor- 
mal. X-ray of the lungs showed stasis? Bence Jones in the urine 
positive. Free HCl in the gastric juice. Blood count as before. On 
X-ray no signs of myeloma. Sternal puncture: 58 % lympliocyles 
but only 1 % plasma cells. The possibility of a myeloma was 
therefore discarded. It was impossible to follow the patient anv 
further. The diagnosis lymphatic Icuccmia ns a matter of fact 


seems very uncertain and it is at present impossible to ascertain if 
the malady was rather an incipient myeloma or the same as in my 
patients. The resemblances in the clinical picture arc marked but 
there were no determinations of the fibrinogen (of the bleedings) 
or anymore detailed investigation of the serum proteins. 

Among Bing’s cases there is another history (1940 Case 69) of a 
man /o years old. He showed extensive moderate enlargement of 
•L ^ glands. The leucocytes terminally rose to 55000 

-th about 50 0 /, atypical lymphoblasts. OthcrAio neuirop^lic 
leucocytes. Formol-gel 2.5. Globulins 6.9 o/. High fever. tZ.oII 



226 


JAN WALDENSTROM. 


mortem gave no certain diagnosis but showed generalized enlarg 
ment of the lymph glands. A para-aortal gland was examined mi 
roscopically. It showed complete loss of structure with a generai 
zed proliferation of rather large mononuclear cells somewhat i 
sembling plasma cells. In the red bone inarrow there were found 
numerous large and small non-granulated mononuclear cells not 
resembling lymphocytes. Some plasma cells. The case was inter- 
preted as a septicemia wth a leucemoid reaction, also the diag- 
nosis leucemia was discussed. The resemblance with my patients 
seems obvious. The label reticulosis may also be used but it hardly 
furthers the understanding of the process. 

In 1938 Rohr discusses the problem hyperglobulinemia and 
reticulum cells. 

von Marsovszky (1940) has published a case of a similar type. 
A man of 50 showed severe bleedings from the nose and gums in 
1939. He suffered from some anemia (58 % 3.2 mill.) Platelets 
150000 S. R. 135 mm. The erythrocytes could not' be counted in 
Hayems solution but only in normal saline. He had large retinal 
hemorrhages. Skeleton: X-ray normal, sternal puncture nothing 
pathological. Bence Jones neg. Total protein in the serum 12.2— 
16 %, Albumin 1.4 — 0.7! Fibrinogen 0.6 — 0.7 %. 

The post mortem showed nothing definitely pathological, v. M. 
published the observation under the title: Hyperproteinemia causa 
incerta. It is obvious, that the clinical picture in all essential 
respects is identical with my cases, only the value for fibrinogen 
was increased. It is to be noted however, that the fibrinogenopenia 
was no constant finding in my cases either. 

In 1940 Malmros published three cases of hyperglobulinemia, 
where it wms impossible to find any cause of this symptom. We 
have been able to observe a number of similar patients in the 
Medical Clinic of Upsala these last years. Some of them are now 
published in Nordisk Medicin (1943). They are decidedly not 
instances of the same pathological process as was present in Case 
I and II. 

Fanconi in 1941 publishes an instance of ))dysproteinemia» 
in a luetic infant. The blood was highly viscous, did not coagulate 
but there wms coagulation of the plasma at 56°. 
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Some clinical and chemical observations. 


One of the most striking properties of the sera from Cases I and 
II was their very high viscosity already at room temperature, 
have therefore tried to investigate this property more closely espe- 
cially as the viscosity of the serum in hyperglobulinemia has been 
very little studied. From later years there arc only a few deter- 
minations in cases of myeloma by Albers and Magnus Levy but no 
attempts at a systematic analysis have been made. 

For the measurements I have used a slightly modified Ostwald’s 
viscosimeter, an instrument whose simplicity makes it well suited 
also for clinical work. The only real draw-back with the original 
instrument is the difficulty to tell beforehand, what will be the 
correct time to read the instrument and this leads to a series of 
unnecessary observations in order not to miss the right moment 
when the meniscus passes the lower limit. I have therefore con- 
structed a modification of the original instrument, where it is pos- 
sible first to determine 1/10 of the total time. This is usually done 
quickly. A clock is then started that gives a signal when the instru- 
ment ought to be observed again. With the aid of this modified 
instrument it seems, as if viscosimetry would be a simple and useful 
clinical method. 


All determinations are performed in a waterbath and the tem- 
perature is corrected with automatic thermorcgulator, when the 
difference against room temperature is great. The fall-time for a 
number of sera vdth increased globulin content was determined at 
different temperatures and with different instruments. The deter- 
minations vdth viscosimeters having varying dimensions of the 
capillaries gave no real differences even in sera with very high vis- 
cosity and the results vill not be discussed here. 


Determinations at different temperatures were made in order 
to find out, if the very marked temperature dependance of visco- 
sity found in the serum from Case I might be observed also in the 
sera from other patients. Measurements were therefore made at 
every 4th grade from 9°-39° C on a number of sera, (see fig. 1). in 
others determinations were only made at a few definite temperatu- 
res (usually 13° and 37°). The temperature 17° has also been used in 

1 ordinar " om 

emperature. Under such circumstances there are certain impor- 



Viscosity 

jo\ 



Temperature .u^rr-,iVfor di«erentsera. Irepre* 

Fig. 1. The curves show the very "oity is very high , 

scnts the serum from ^ ’ erature in this case is m^^h more mark ^ ^ 

also that the influence o the temperatu viscosity the serum i 

other. Curve 11 Jete gelification however. or increase 

with falling temperature. At compie g ? has still a vcrj- 

from a case of myeloma vithhg g ^ serum from case I 

^vith falling teniperature Curve 

marked increasing .light increasing viscosity with falling ^ 

K;?»--fo7Cr.o^ 

» .«o o r»in*T»f' for water. Curve vlll gives vnc a tp.mnerature. 


rg o'b^uSmk. A norma. 


»essentiaw etc. 
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Fig. 2. The stoppered flask tlial is put upsi<Ic down contains serum from case 
1 that has been kept in a refrigerator at + 5® C. The serum is gclificd and 
opaque. In the test tube a sample of the same scrum kcj)t at room tempe- 
rature. It is quite limpid (but viscous) and translucent. 


tant facts to be observed. The term relative viscosity (if) is 
used to denote the relation of the falj-tinic to that of water or nor- 
mal saline; the very slight influence of specific grav. is disregarded 
For many sera it is q^uitc constant in the temperature range 
9°— 37°. They behave in other words Just like water and there 
is only a slight increase in viscosity with sinking temperature. 
Some of the sera vath high globulin content behave in quite another 
manner. In one patient with a serum globulin value of 5.7 % the 
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Fig. 3. The influence of diluUon on gclificalion of the scrum from case II 

al low lemperalurc. 

I Undiluted scrum + -1- Gelificalion al G® 

II pml scrum + ^ , „ 

0.5 ml saline / ‘ ■ 

III 2 ml serum 1 ml saline Gel al 2° 

IV 1.5 » 1.5 

In dilution III there is no geUncalion above 2°. In IV there is no 
gelilication whatever. 


7 ] at 13° ivas 2.7, at 17° = 2.6, at 37° = 2.4. In cases I and II 
the differences were still larger. 

A patient, who suffers from myeloma and shows a serum globu- 
lin of 10.2 % showed a relative viscosity at 17° of 3.7. In another 
patient with 8.7 % globulin it was as high as 6.2 but in a case 
ivith 10.8 % globulin it was only 2.3. Also a dilution of the most 
viscous sera to half the initial globulin value gives a much higher 
viscosity than was found in other sera vith the same original globu- 
lin content. 

These relatively large differences arc not merely a result of a 
very high globulin content as another patient with a still higher 
globulin value (5.9 %) and the same viscosity at 13° (2.7) only 
showed 2.6 at 37°. The relation of viscosity to temperature is 
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tlius different in different patients and is probably to be reprded 
as a result of certain qualitative differences in the globulin and 

not as a function of the globulin content. 

An extremely high viscosity in relation to the globulin content 
seems to be characteristic for patients with what I call essential 
hypergiobiilincmia but it has also been observed in two instances 
wth myeloma and in one case of polyarthritis with sepsis. In 
order to get an expression for the temperature dcp'cndancc of the 
viscosity I have calculated the relation between relative viscosity 
at 13° and at 37° and multiplied the value by 100. This index seems 
to give a rather good expression of the temperature variability 
of viscosity. In normal sera it lies at 100 or very near this value. 
The highest value I have found is 211 i. c. the viscosity is more than 
doubled from 37° — 13°. 

The variability of the fibrinogen viscosUy Avilh temperature was 
also determined in 12 plasmata from different patients with a high 
sedimentation rate. It is Avell knorwi, that this protein has n higii 
viscosity, and it is rather surprising, that the easily' determined 
specific viscosity has not been used for qualitative or quantilalivc 
studies. The investigations of later years above all with the ullrn- 
centrifuge have sIioaati, that fibrinogen after precipitation and 
resolution is easily denatured. I have tlicrcforc nmdc some experi- 
ments wth plasma and serum from the same patient. A man with a 
practically normal serum viscosity, Avho suffered from chronic 
polyarthritis, had a very high plasma viscosity and a short plasma 
formol-gel time. Formol-gcl ncg. in the scrum. The viscosity of 
the plasma showed a very marked dcpcndauce on tlic temperature 
Avith a value of 120 comparable to the scrum globulins in case I, 

In 11 cases the plasma viscosity was practically the same at 
13 and at 37°, when the .serum viscosity was normal, and tlic serum- 
formol-gel was neg. It may therefore be assumed, that fibrinogen 
usually does not sliow a very marked influence from falling tem- 
perature on its viscosity. 

The scrum from one of the here published patients (Case I) 
showed a very curious phenomenon. His serum and plasma were 
a room temperature highly viscous but not to .such a degree as the 
«om Case II (see fig. 1). If a sample is left m /he^e e/.sf n/ 

g- 2). At l„gl,er tcmporaUircs it is possible lo .11, it „p again, 
^c/a merf. scandinav. Vol CXVII, 



JAN WALDENSTROM. 


232 

Tlie sample then »melts» periphcricaljy leaving a solid centre. None 
of the many sera with hyperglobulinemia that I have been able to 
examine showed anything similar and I have not found the pheno- 
menon mentioned in literature. With the aid of the viscosimeter it 
has been possible to examine the problem more in detail. It was 
found, that the sample had not become solid at 9® but at 7° it did 
not pass through the capillary. The serum was left in the appara- 
tus over night at a temperature of 17° but this \vas not enough 
to low'er the viscosity to such an extent, that more than a few drops 
passed the capillary. ^Nlien wmrmcd to 37° the serum again became 
liquid. 

The influence of dilution was tested in the following wny, (see 
Fig. 3). The nondiluted serum gelified at 6°. Also slightly diluted 
it behaved in the same W'ay. In a dilution 1 part saline -f 2 parts 
serum there w'as a measurable viscosity at 6° and 4° but at 2° there 
w^as complete gelification. Dilution 1.5 -f 1.5 gave a high visco- 
sity but no Jelly at 2°. An increase in the number of w'ater molecu- 
les present lowws the temperature for gelification. It is thus obvi- 
ous, that the temperature limit is not dependent on any sudden 
change in the composition of the protein at a definite temperature 
but rather on its concentration. According to my opinion gelifica- 
tion is seen, wdien all water molecules of the solution are bound to 
the protein. I. e. there is no more free solvent preserit. 

As it might possibly be suspected, that the high viscosity 
w^ere caused by some mucin substance, even if this was not very 
probable, the serum was treated with a highly concentrated muci- 
nase, that I obtained through the courtesy of Doctors L. Hahn and 
B. Skanse. The viscosity w’as not altered by the influence of this 
enzyme. 

Wlrat is the real cause of a high viscosity? If it is allow'ed to 
make a generalization it w’ould perhaps be suitable to say that it 
is caused by a thronging of the molecules in a fluid either because 
they are very long-drawn, thread-like or because there is such a 
high, concentration of the dissolved molecules or such a tendency for 
them to bind water molecules that much of the wmter is fixed. 
Threadlike molecules and molecules wdth a strong tendency to hydra- 
tization are biologically the most important causes of a high visco- 
sity. There are e. g. sera containing large amounts of globulins 
with a very high hydratization. If the concentration of these 
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molecules is high enough there develops a gd — all the 
water molecules are hound and there is no longer a tree solution 

In the two cases published here (I and II) there was a very high 
content of euglobulin in the serum that may be precipitated by a 
very simple procedure (dilution vdth HgO or dialysis against water). 
The precipitate that is forrhed in this manner does not resemble an 
ordinary dry protein. It is a slimy translucent jelly, insoluble in 
water but easily soluble in for instance normal saline. It is obvious 
that the high viscosity is caused by this substance which in itself 
gives highly viscous solutions. The serum after precipitation of the 
euglobulin vnth dialysis is no longer very thick. 

It is seen from Table I that there is no real parallcllism between 
the values obtained from chemical or cicctrophorctical analysis of 
the globulin and e. g. viscosity or formol-gcl lime. Also the discre- 
pancy between the formol-gcl time and the viscosity is obvious. 
The five sera that showed the highest viscosity had formol-gcl 
values varying between 24’, 3'7", 50”, 5’55” and 10”. Among the 
sera T\nth the shortest formol-gel time the viscosity was 3.7, 2.3, 0,2 
and 20, WOiat may be the cause of this? 

Partly it may be explained by assuming a different chcniical 
structure in the different globulins. It is obvious that the chemical 
structure of the very hydrophilic cuglobulins in case I and TI ought 
to differ greatly from other globulins. On the other hand the 
viscosity in Case D.-B, is also very high and lies between tlic values 
for Cases I — III even if he has no euglobulin increase and shows a 
rathCT long formol-gcl time. It is probable that this Inst mentioned 
fact is caused by a low concentration of the dialyzablc factor neces- 
sary for gelification with formaline. (^Valdenslrdm 1943). It 
is also possible, that the surprizingly low time in Case W. depends 
upon a milieu that is optimal for the reaction . \\1icn we know nbou t 
the importance of low-molecular factors for the rapid formation 
of a gel such atypical instances, and also Jersild’s patient vilh 

severe hyperglobulinemia and neg. formol-gd arc less difficult to 
understand. 

Another question seems to be of importance. Is it possible vith 
simple means and without ultraccntrifugalion to get an idea about 

viously not yet the case, I have tried to find out if it were possible 



Table 2. 

The relation of relative viscosity and temperature for some sera with high globulin content. 
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A. 

Case 11 
Ess. 

10.8 

I 

30.0 

23.0 

20.0 
18.0 

16.7 

15.4 

14.1 

211 

D. B. 

M. 

7.8 

6.7 

K.J.J. 
Case I 
I-lss. 

i> ^ o ca o 03 "v w 

co>— T-1 

. 

. ■r- ui 

5.4 

3.1 

2.5 

124 

O. 

Chron 

arthr. 

7.3 

4.5 

3.0 

150 

< ■ 

ca 

10.2 

4.1 

3.8 

3.7 

3.5 

3.4 

3.4 

3.3 

3.2 

ns 

A. A. 
Case III 
Ess? 

5.9 

3.0 

3.4 

2.5 

120 

K. .1. J. 
1: 1 
Ess. 

4.3 

IV 

3.0 

2.8 

2.6 

2.5 

2.4 

2.3 

2.2 

136 

T. B. 

M. 

7.5 

III 

3.1 

3.0 

3.0 

2.8 

2.8 

2.8 

2.8 

2.7 

110 

T. A. 

Endo- 

card. 

5.7 

2.8 

2.7 

2.6 

2.6 

2.5 

2.5 

2.4 

2.4 

112 

L. E. 

Lupus 

cryt. 

5.9 

2.7 

2.6 

104 

G.H. 

Sar- 

coid 

5.3 

2.4 

E. K. 
Cirrh. 

5.9 

2.6 

2.4 

108 

J. W. 

Prem. 

6.1 

■ V 

2.6 

2.5 

2.4 

2.4 

2.3 

2.3 

2.2 

2.2 

2.2 

113 

A. P. 
Ess. 

CO .r- 

c4 

W % 


A. 

1: 3 
Ess. 

tr* ■r-«>-lrST-4T-4'.-H>—l l-H 

Nor- 

mal 

^ 1—4 ■*—< T-4 >1—4 ^ T-i 

k. J. J. 
1:3 
Ess. 

o <o o o 

tH ■»— 1 y-l T*4 

n 

“ft 1 

Name 

DIagn.i 

Glob. 

% 

Curve 

9° 
13° 
17° 
21° 
25° 
29° 
33° 
37° 
39° 
100 Xi; 


^ Ess. = Essential hyperglobulinemia 
Prem. = )>Premycloma)> 

M. = Myeloma 
^ = gelification at 7“ 
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from determinations of tlie relative viscosity of tlic sera from Cases 
I and II to find out the shape of the molecules. This was not 
possible. The globulin component vdth a very high molecular 
weight that is present in these cases certainly gives the scrum its 
high viscosity but in another highly viscous serum from a patient 
with myeloma (D.-B.) there was no component with such big 
molecules and on the other hand the serum of Case III. contained a 
large molecule but showed no very high viscosity. 

At present it is necessary to collect more data about cases 
with abnormal serum globulins before we are allowed to state 
anything definite about the relative importance of different 
methods for the investigation of these substances. 


Knonang the importance of the scrum proteins for the water 
transport in the blood we may assume that a water tolerance lest 
on these patients should give an abnormal result. In case ITT there 
was present a severe hypalbuminemia and consequent edema. Ivo 
vater tolerance test was therefore performed. In case II llm result 

,l!„r 1-009-1,020), m case I l.owcvcr 

3 0 ml i “ •‘'f'"'- ISOO ml an cxcrclion of only 

ml m 2 hours, 515 in 4 liours, MOO in '’■1 hours snee ^ 
vancd 1,0,7-1,020, No hypertension, no cas; ,,1,^.1; 

ti.c " r ^ 

serious disturhanco of the circnlalior 

"■hen the albumin value is not wry lotv't-,' rc 

As the previous experirr To? , 
total protein or globulin content of 1 ? •''"'I 

A "ould seem possible, that some sn ™ 

the high viscosity. The elobulin I ^ Zhulin fr.action caused 
fractions: pseudoglotahnTm, " "'‘o t,vo 

“'“falAy in high cleclrolylc conccidrar" 'f'ffcrcnt 

otost easily sailed out, Aceorl , ?! ! ™g>«''nlin i.s 

proteins, that are precinitate? ™ '"Slobulins arc those 

nf The next Sn T," “"''"frolion of 1 , 3,5 y,Na T 

P'fhl'on, pseudoglohuiin If That Proci- 

"Lat then remains i„ solulion is 
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regarded as albumin. It seems clear, that such a division, built 
upon the molar concentration of the electrolyte (the mentioned 
concentrations correspond to 1.0, 1.25 and 1.5 molar solutions) 
must give absolutely artificial limits between the »protein fractions)). 
On the other hand the method seems to give reproducible results, 
when tested on large clinical materials representing different mala- 
dies. 

I have used another and more specific of the old definitions for 
euglobulin i. e. the protein fraction, that is precipitated on dilu- 
tion of the serum with water (or after dialysis against water). An 
old test for hyperglobulinemia has been based on this fact. A drop 
of blood is allowed to fall into water and it is stated if a gray haze 
develops. Tins test does not give any valuable information and I 
have tried another technique, that may give a chance of stating 
also qualitative differences in the euglobulin. 

A simple method that may be used in any laboratory as an 
orientation for detecting pathological euglobulin is the following. 
One ml serum is mixed with 16 ml aq. dest. In the presence of 
euglobulin there forms a more or less massive precipitate, which is 
centrifuged down and washed with distilled water. The amount 
may be judged from the size of the precipitate, which is a rather 
approximate method, or by weighing. Some sera give a precipitate 
of the ordinary floccular type usually seen in proteins. Others 
show a practically limpid, highly viscous sediment that is obviously 
very hydrophilic. This sediment redissolves quantitatively in the 
presence of electrolytes. It is also possible to make a fractionated 
precipitation, as the euglobulins in some sera need higher electrolyte 
concentrations to keep in solution than others do. In Case I the 
euglobulin began to fall out already after the mixture of one ml 
serum with 6 ml water and the precipitation was complete in 1: 10, 
with the formation of a very voluminous sediment and no further 
precipitation on dilution. In Case II there was beginning opacity 
also in 1: 6 but the precipitation was not complete until 1; 16. 
It is possible, that this means a real difference in the composition 
of the euglobulin and is not only a result of concentration, 
some other cases of hyperglobulinemia there was found a slight 
precipitation in the dilution 1: 2 — 3. Only in one case was there no 
decided precipitation before the dilution 1: 9—10. The vast majo- 
rity of cases with hyperglobulinemia did not show any precipitate 



INCIPIENT MYELOMATOSIS OR OESSENTUL*) ETC 


237 


at all. Also in sera from a varying material of 80 cases with mixed 
diagnoses was there sometimes found traces of euglobulm but this 
was also present in the blood from quite healthy individuals and a 
slight opalescence vith the formation of some precipitate is cer- 
tainly not pathological. 

The more chemical common methods for the determination ol 
serum protein after fraclional predpiiation with Na 2 S 04 accor- 
ding to Howe and ICjeldalization of the precipitate are much to 
complicated to become really popular as routine methods in a hos- 
pital laboratory. For theoretical questions however they wall 
probably be indispensable also in future. From many points of 
view the electrophoretical method, as it has been worked out by 
Tiselius, and the ultracentrifugation according to Svedberg are 
those methods that make the least damage to the protein molecule. 
In the three cases published here it has been possible to make 
such investigations on the sera. The results that seem to be of great 
interest vall be published later on in greater detail by Doctor K. 0. 
Pedersen, 

Beside the methods, that have already been mentioned for 
the qualitative and quantitative examination of proteins there arc 
a few phenomena that may lead to a diagnosis if they are correctly 
interpreted. The curious fact has been known for some time, llial it 
may be impossible to count the erythrocytes as tlierc appears 
a fine precipitate of globulins certainly caused by the mercury in 
Hayems solution. This has been WTOngly mixed up \rilh the auto- 
^Sgl'^fination of the erythrocytes, that may sometimes be seen at 
temperatures below 37° (see Waldenstrom, 19d2). This is quite 
another process caused by the action of an agglutinin at lower 
temperatures. It is not affected by the use of normal saline but 
only by warming, . 


Gros and Brockmann have used the flocculation of certain glo- 
bulins in Hayems solution as a test for myeloma. I have tried the 
reaction m a number of cases with hyperglobulinernia but only once 
(m a patient vath myeloma) found it positive. Its value therefore 
seems to be limited but a positive reaction probably indicates the 
increase of some special globulin fraction and may perhaps be used in- 

uture when more is knownaboutthechemicalsidc of the question. 

1937) there arc d.scussed a fev other ahnormititics in sera 
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from patients wth myeloma. The deficient retraction of the coa- 
gulum may be very striking but as it is very difficult to interpret 
also in other conditions it may be hard to Judge its real importance 
for the diagnosis. Another curious anomaly, that was first de- 
scribed by Wintrobe and Buell in 1933 and later by von Bonsdorff 
in 1937 and by Bing in 1940 is the division of the serum into two 
different strata, after standing in the ice chest. The lower is highly 
viscous and contains much euglobulin which may even be crystalliz- 
ed. The upper is more liquid and has not such a high globulin 
content. Also the coagulation of serum at 56° (on inactivation of 
the complement) has been discussed e. g. by Cantarow. Auto-inhi- 
bition for the Wassermann reaction (this anticomplementary effect 
has, been studied in Sweden especially by Holmberg and Gronvall 
and by Olhagen) is another such phenomena. 

Case II shows a clinical symptom that ought not at first to be 
regarded as a consequence of the hyperglobulinemia namely a 
ihrombosis v. centralis retinae. The patient published by Wintrobe 
and Buell as well as one of Bing and Plums cases suffered from the 
same or a similar disease of the eyes and W. and B. regarded it as 
caused by the enormous agglomeration of the erythrocytes intra- 
vascularly. It is not easy to tell if the interpretation given by the 
American authors is correct but is does not seem impossible. Fah- 
raeus has treated this question of capillary emboli from agglome- 
rated erythrocytes already in 1921. The tendency to bleedings may 
also be a cause of intraocular changes (Bing and Plums case) as in 
case I, where extensive perivascular bleedings were found. 

Beside the enormous increase in sedimentation rate the anemia 
is at first sight the most striking clinical symptom. In case III 
it was slightly hypochromic and the value for serum iron was some- 
what lowered. The anemia was decidedly not caused by iron defi- 
ciency as a consequent iron therapy had no effect on the blood 
values. It is to be regretted, that the determination of serum iron is 
ver}' uncertain in these cases as the protein precipitate is so mas- 
sive, that it is difficult to obtain enough filtrate for a determina- 
tion. Tlic filtrate is also slightly opalescent. These complications 
may be suspected to work both increasing and decreasing the 
scrum iron value and it is therefore best to state, that all deter- 
minations of the serum iron are uncertain in presence of consider- 
al)le hyperglobulinemia. 
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The anemia is most decidedly not pernicious: hydrochloric acid 
in normal amounts was present in the gastric juice and the bone 
marrow did not sliow any mcgaloblasts in spite of severe anemia. 
In cases of myeloma a normochromic or slightly hj'pc^chromic 
anemia is regarded as typical. Its explanation in this malady has 
simply been the crowding out of the normal marrow by the foreign 
myeloma cells. But also other explanations arc possible. An essay 
to analyze the factors that might cooperate at the regulation of the 
normal erythrocyte level is not simple. A priori it seems probable, 
that the viscosity should play a part. When this is very much 
increased by the high globulin content it is possible that a decreased 
erythrocyte production may be an attempt at compensation. T his 
is a mere conjecture but its validity should perhaps he tested in a 
suitable case. 

The two patients ease I and II have both shown a tendency to 
sickering bleedings from the gums and the nasal mucosa. 7'hcsc 
disturbances were even the reason, why the patients liave come to 
hospital on their last visits, A determination of the coagulation time 
has shown, that it is decidedly increased. The quantitative dclcr- 
minalion of fibrinogen shows a considerable decrease and this 
ought to explain the retarded coagulation at least to a great part. 
Tin's low fibrinogen content of the blood is probably the exjilana- 
tion of an observation that dr. Mclandcr has made on the blood of 
this patient namely that a coagulum may dissolve .spontaneously. I 
liave myself once seen this in a patient with myeloma, wlio also 
showed protein precipitation when the blood was diluted with 
Ha 5 '’ems solution. The content of fibrinogen was not determined 
in this case. It docs not seem probable, that the rather slight 
decrease of tlie platelet count should he of any influence on the 
coagulation if it is not assumed, that tlicir quality is also changed. 
If it is the low content of fibrinogen or a low »quality» of the fibri- 
nogen present or a deficiency in some other protein conqionent 
necessary for hemostasis, that causes the haemorrhages in these, 
patients the future will show. As it is it seems evident that large 
transfusions had a very favouralile effect on the hlcediim.s. 

A third very strihing change in l),c hlood from these iialienis 

SMCS (see jig 4). The first time vlicn one of the nurses in llic hlio- 
ratory conipta.ned of the bad gnality of the smears fro, n" ale mve 



240 


JAK WALDENSTROM. 





Fig. 4. Two slides with smears from blood (ease II) and bone marrow (case I). 
Stained with May-Grbncwald-Gicm'sa. Also slides from ease III show similar 
changes but less marked, otherwse no such preparations were found among 
a large collection of sternal puncture specimens. 


thought that it might possibly be a mere cliance and depend upon a 
deficient cleaning of tlie slides. Several controls hoAvever showed 
that there was no technical fault, ^^^lcn it was later found, that also 
slides from Case I showed exactly the same picture, it was obvious 
that this change might have some diagnostic importance. Also in 
Case III older slides show'ed the same type. The change must be 
caused by the lowered stability of the protein film, that is spread 
and then dried and fixed on the slide. It is impossible to tell the 
cause of this as it has not as yet been possible to reproduce these 
changes experimentally. 

This phenomenon has nothing to do however with a condition, 
that has been thoroughly studied in this Cjlinic, namely the auto- 
agglutination of red blood corpuscles on cooling. Also in such cases 
the blood smears are of poor quality but this is caused by a clum- 
ping together of the erythrocytes through autoagglutination at tem- 
peratures below 37° C. This clumping and consequent streakiness of 
the slides is seen at once, not as is the case with the fragmentation 
of the blood smears from case I and II only after dyeing, fixation 
and staining. 
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Pathological protein fractions in the blood. 


In 1848 Bence-Jones published the discovery of a new urinary 
protein. Since that time the study of definitely pathological pro- 
teins in different maladies seems to have made rather insignifieant 
progress. The ehief interest has been devoted to quantitative deter- 
minations of protein fractions and the work of Tisclius, Blix, 
Shedlovsky, Gutman and others on the electrophoresis of normal 
and pathological sera has much increased our knowledge in these 
matters. Of late the interest in the protein pattern of the serum 
has been very intense also in Scandinavia. This is probably partly 
explained by the important work on the physical chemistry of pro- 
teins, that has been done in the Institute of physical Chemistry 
in Upsala. (Prof, The Svedberg and Prof. Arne Tisclius). 

In 1937 von Bonsdorff, Grotli and Pnckalen pubbslicd a very 
interesting case of myeloma in a man 37 years old. The patient had 
a marked hyperglobulincmia (7.5 %). Wien the serum was left 
standing at room temperature nothing happened but in the refrige- 
rator there was seen a stratification vith a highly viscous lower 
layer and an upper stratum vilh lower viscosity. The content of 
globulin was 10.7, viz. 5.3 %. In the lower stratum, where the 
euglobulin but not the pseudoglobulin had increased very much 
there was after some time found crystals. This crystallizing protein 
was examined very carefully from many points of view. It was 


precipitated as a globulin. The molecular weight was delcnnined bv 
K. 0. Pedersen in the Institute for PJiysicnl Chemistry in Upsala 
and was found to be 200000 at ultracentrifugation i. c. somewhat 
higher than is found in the usual serum globulin fractions. Manj’’ 
facts favour the assumption, that this is not a normal component 
of the serum globulins. Nor is it a Bence .Jones’ protein, as the 
molecular weight of the latter is low (35—10000). 

Packalm has Wer (1940) puMislicd one more case of myeloma 
wth spontaneously crystallizing globulin . 

Bing (1940) has described a case of myeloma nith the same 
curious division of the serum on standing in the ice chest and he 

ReotX Im‘i T *""•= '""W layer, 

patient shewed no signs of myeloma hut she suffers from a 
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chronic arthritis. This protein is also a globulin \vith' normal 
molecular weight (ultracentrifugation by K. 0. Pedersen) and an 
electrophoretic migration that corresponds to the behaviour of a 
serum globulin. The y-fraction was considerably increased but 
the pathological globulin (1.3 %) did not fit in with any of the pre- 
viously described electrophoretic fractions. Also after electropho- 
retic purification did it give a positive AVassermann reaction. It 
is perhaps somehow related to the anticomplementary substance 
described by Olhagen, which seems to be increased not only in 
some instances of myeloma but a^so in chronic arthritis. 

The three cases that have been published in this paper all show 
pathological proteins in the serum. Doctor K. 0. Pedersen, who is at 
present working on the purification of these substances from the 
serum of Cases I — III has been kind enough to give a summary 
of his work. In the serum from case I there is found a fraction that 
seems homogenous on ultracentrifugation and gives a sed. con- 
stant at 20° of 19.2 X 10-13 corresponding to a molecular weight 
of over 1,000,000. In case II the sedimentation constant was of 
the same magnitude 20.6 x 1C*13. It is not easy to say, if this very 
high molecular weight is caused by an aggregation of globulin mole- 
cules or if there is really present a giant molecule. The decidedly 
monodisperse appearance on centrifugation rather speaks in favour 
of a preformed giant molecule. 

Biologically of prime importance is the obscure question; AAdiat 
is the cause of these changes in the structure of the serum 
proteins?. It must be stressed from the beginning that there is not 
only found a hyperglobulinemia but also at the same time a very 
marked lowering of the albumin to values at or below' 2 %. In a 
large material of protein analysis in 102 cases wdth disturbances of 
the protein metabolism Gormsen only found 4 patients with a serum 
albumin value ^ 2 %. None of these wmre instans of myeloma. The 
A : G quotient in my 3 cases thus changed not only through the 
absolute increase in globulin. Low'cred albumin values are not un- 
common in myeloma but I have never been able to find any explana- 
tion of this decrease. In case III there W'ere certainly losses of albu- 
min through the kidney during the last months as he had a picture 
resembling nephrosis but from the beginning he only showed slight 
albuminuria and this wms absent or very slight in case I and H. 
Any really serious disturbance of liver function, that is otherwnse 
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regarded as an imporlanl cause of hypalliummemia, vould be 
),ard to reconcile rvith the clinical picture in pncral even if llic 
hirth values for citric acid in Case 11 (but not in Cases I aiui II ) 
nifght point to that organ. One explanation would be the assump- 
tion that there is some gcnetical connection between the allmmin 

and globulin fractions of the scrum. 

I have not been able to find any description in the lilcrnlure of 
a fibrinogenopenia associated with hypcrglobulincmia as was 
found in Cases I and II. Probabh' this whs the most imporlanl 
cause of the severe bleedings. The analyses of fibrinogen for in- 
stance in cases of myeloma, a malady, where the oilier globulin frac- 
tions have been invest igated very closely in later yeans seem to 
be xcry few. Some authors have found an increase (v. Bonsdorff, 
Magnus Levy). If a decrease of fibrinogen may sjicnk against the 
diagnosis myeloma, is not easy (o tel! at present judging from the 
very sparse material, that has been collected. 

It might perhaps be expected, that this very rare but interest- 
ing and important symptom, a lowering of the fibrinogen con- 
tent of the blood (inopenia) slioiild be described also in other related 
or perhaps identical conditions. As a mailer of fact such a finding 
is regarded as extremely rare in adults. Very low values for fibrino- 
gen have in rare instances been noted as a congenital, hereditary 
error, o.vpcrimcntany after severe damage, to the liver through 
chloroform or phosphorus and thirdly (liy Jurgens and 'rraulwein) 
in a case wlicrc an extensive growth of cancer cells in llie bone 


marrow was regarded as tlic cause of the inopenia. Perhajis .some- 
what rashly this last observation has been taken as a sign, that the 
bone marrow plaj's a part in the formation of filirinogen. 

Most characteristic for the first (wo cases published bore i.s llie 
very large amount of pathological globulin with tlic solubility of a 
euglobulin. Tlie electrophoretic prolarlies in case II corrc.sjiomlccl 
mlh a /?-globulin (in case I electrophoresis was impossible because 
of the firm jelly, Umt formed at low temperature) but were not 
identical vith Biis normal fraction. In case III there w.a.s also 
oun a Ycr} higli globulin content. On cieclrophore.sis I lie frac- 
tion mostly resembled a ^-globulin. In this ca.se lliero was also 
present a component vilh very high molecular weight 

o • 
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Discussion. 

What be regarded as the explanation of all these curious 
data? are these persons carriers of hitherto not described 

globulin fractions -^dth giant molecules? If these are compared 
with other knowm proteins with a very high' molecular weight we 
find, that their size most closely resembles some of the human anti- 
bodies e. g. against pneumonia (the specific pneumococcal anti- 
dies in rabbits are considerably smaller, of the same size as ordi- 
nary globulin). It should be remembered, that a marked hyper- 
globulinemia is found (as an immune reaction?) in some probably 
infectious diseases of unknovm origin e. g. in certain cases of Ijun- 
phogranuloma benignum and in the virus disease lymphogranuloma 
venereum besides myelomatosis, that might be regarded as a more 
or less primary disturbance in protein metabolism. In lympho- 
granuloma venereum the protein fractions have been thoroughly 
studied by Gutman, Wise et al. Also in another chronic infectious 
disease namely Kala-azar a considerable increase in globulin has 
been observed. 

May it be allowed to put forward another hypothesis as a pos- 
sible explanation. We know from the experiments vdth plant viru- 
ses of different kinds, that the inoculation of an organism with a 
special virus may change a great part of the protein in the host 
plant into virus protein. This is e. g. a well established fact as re- 
gards tobacco mosaic virus. If a patient is ))infected» with some 
virus protein it may!^ be possible, that his own serum protein is trans- 
formed to virus protein instead. The hypothesis may possibly be 
tested experimentally on lymphogranuloma venereum, where it 
does not seen wholly improbable, that the pathological serum 
globulin is virus itself, which then ought to be contagious. It is 
also possible, that several conditions vdth a marked hyperglobuli- 
nemia are really chronic virus infections. In cases I and II the for- 
mation of virus protein might interfere with the synthesis of both 
albumin and fibrinogen. This seems more probable than tlie 
assumption, that the formation of some hypothetical antibody 
against an unknown infection should interfere with the produc- 
tion of such an indispensable substance as fibrinogen. 

The danger of such a hyT)othetical virus infection would there- 
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lore not consist in any toxic action but rather in tlio vmis forming a 
pathological matrix or inductor. The protein synthesis of t he body 
Ls runs along a pathological patlnvay and necessary building 
material is taken from the normal synthesis of c. g. albumin anc 

fibrinogen. _ ,, 

In order to get a decided answer to all these questions it would 

be best to treat the problem experimentally e. g. wth the infec- 
tion of apes or monkeys with blood from these patients. It is to be 
observed however that only positive findings liave any real value 
as proof, when we know how difficult the inoculation even with 
known virus diseases may be. 


Summary. 


The possible nature of myelomatosis as a disease of protein 
metabolism nith secondary deposits in the hone marrow is dis- 
cussed (cf the lipoidoses with high blood cholesterol and deposits 
in the tissues). 

The author llicn gives a thorough clinical description of two 
patients probably suffering from a hitherto imknonm disease in the 
bone marrow. A case that may possibly be interpreted as an in- 
stance of premyeloma is described (Case III). He shows long- 
standing hyperglohulinemia and severe anemia. In (lie hone 
marrow sternal puncture only revealed some plasma cells clustered 
together and never any roentgenological signs of myeloma. The 
course was progressive as regards the anemia. There was found a 
pathological globulin, but no inopenia and no hemorrhagic diathesis. 
Even at the post mortem the case remained obscure. There were not 
found any tjqjical signs of myeloma. 


Cases I and II showed signs of severe derangement of protein 
metabolism valh very liigh globulin and low albumin values. There 
was also found a tendency to hemorrhages and low fibrinogen 
values. A severe normochromic anemia was noted. In both pati- 
ents pathological euglobulins wdlh very high viscosity, in one 

8'lifiralion of 11, o sen.m oUcmpcrol uros 
below +/ , were found. Obviously the molecule of tlii.s Rlobulht 
must bo a very large one. Studies in the ultr.teenlrifugc ami with the 
a,d of electropborcsis by Doctor K. 0. Pedersen in il 
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Physical Chemistry showed the presence of a globulin fraction with 
a very large molecule (mol. weight about 1,000000) and a migra- 
tion that did not correspond to any of the known globulin fractions. 
It lay next to the /?-globulin. 

The possible explanation of different anomalies inthesepatients: 
gelification of serum below + 7°, character of blood smears (see 
fig. 4), the high viscosity, the bleedings, the low" albumin and the 
fibrinogenopenia, are discussed and related to each other. The 
causes of increased globulin content of the blood are treated and the 
hypothesis is put forward, that a mechanism analogous to the pre- 
dominant formation of virus protein in a plant infected with e. g. 
tobacco mosaic virus may be present in these cases. A large amount 
of the protein in the blood wmuld then be formed after the image 
of some abnormal »virus)> protein, thus explaining the low values 
for the different types of normal protein (albumin and fibrinogen) 
and the very high molecular weight, that is of the same magnitude 
as that for virus proteins. 
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A Case of Hyperglobulinemia with pronounced 
Eye Changes and Acrocyanosis. 

By 

BO ANDERSSON and AVMAR SAMUELSON, Oavle (Sweden). 
(Submitted for publication October 25, 1943). 


With reference to Jan Waldenstronx’s paper on »Incipient 
Myelomatosis or Essential Hyperproteinemia» in this number of 
Acta Medica,^ a brief account will here be given of a similar case 
which we have recently observed at the Central Hospital at Gavle. 
At the same time we desire to express our gratitude to Docent 
Waldenstrom for the valuable assistance rendered us when inter- 
preting the case. For literature and discussion we refer to his 
paper mentioned above. 

The patient is a factory-man, 50 years of age. A brother of his died 
of pulmonary tuberculosis 6 years ago. He himself was formerly a loco- 
motive fireman and considered his sight to be better than that of most 
people. Since 1935 he has been troubled by fairly constant symptoms 
from various joints, especially the finger-joints, which now and again 
became swollen, stiff and sore, and were painful when moved. A doctor 
gave him medicine containing sodium salicylate, but the troubles were 
resistant to salicylic acid. As he did not consider that he could stand the 
medicine and as, furthermore, a patchy cyanotic discolouration of the 
skin on hands and feet began to appear in the autumn of 1935, which he 
ascribed to the medicine, he stopped taking it. Gradually there appeared a 
general livid cyanotic discolouration of the skin on his hands and feet, and 
this cyanosis has remained stationary since then. At the same time his 
hands and feet began to feel cold. 

Tho these mild and fairly constant symptoms, which did not impair 
his capacity for work to any great extent, there was in April 1942 added 
a symptom that was more alarming and dramatic, for the patient was 
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taken seriously ill with a temperature of 3<)° C and experienced pains 
when moving the shoulder-joints without any simultaneous swelling of the 
ioints. The fever dropped in a week gradually to a subfebrilc temperatur ^ 
ind at the same lime the articular symptoms disappeared. After anothei 
week the abdomen began to swell, however, and after a couple of weeks his 
sight was rapidly impaired, first on the right eye and after a few days also 
on tlie left. He was then unable to read, he could not even distinguish 

the features of those around him. . . , , , 

The doctors had diagnosed his disease as polyarthritis, but when iJie 
impairment of vision set in that diagnosis had to be abandoned, and ho 
was admitted into the medical department of the hospital on May 30, 1012, 
Tlie physical examination disclosed a seemingly licallhy man of normal 
constitution. He had no oedema hut a pronounced hluc-violel discolou- 
ration of hands and feet. This acrocyanosis appeared, though less pro- 
nounced, also on other prominent parls of the body, c. g. nose and cars. Tiie 
vision was good enough for finger-counting, hut he could not dislingtiisli tlie 
features of the patient in tlic neighbouring bed. Tlie porcii.ssion note over 
the lungs was dull and the respiratory sound of the right base su.spendod. 
The heart presented normal physical findings. Tiie blood pressure wa.s 
150/100 mm Hg. The abdomen was distended as in Die cn.se of a not too 
far advanced ascites, with distinct ascites configuration, a dull porcii.s- 
sion note over the flank and waves of fluctuation. The liver was not pal- 
pable. The palpation findings per rectum were normal. Nothing object ivc 
from the joints. The ncuiological examination gave no po.sitive finding.*:. 
4 days after admission the eyes were examined more thoroughly; the 
findings will be reported below. 

Laboratory jindings: Urine; Spec. grav. 1028, trace of allnimcn the 
first few days, then free of albumen the whole time except when last exa- 
mined lAug. 28, 19-13), when lltere was again trace of albumen. Urobilin 
trace, Urobilinogen 0. Hammarston’s reaction nog., Diazo reaction neg. 
Blood: Sedimentation rale (SR) C2 mm/hr., percentage of hemoglobin 
(Hb) 00 %, red blood-corpuscles (RBC) <1.3« million.s, wliilo hlood-cell.s 
ri¥BC) 11,800. In a stained blood film there were; Nculropliilic, leuco- 
cytes <18 %, IG % Dslabso; lympliocylcs -15 %; monocytes >1 %; co.sinophilic 
leucocytes 2 %, and basopliilic Icticocyle.s 1 %. Wassormann’.s reaction 
was neg. m blood. Meulengrachl valuD -1. Faeces: Nothing pathological 
Gastric juice: Histamino-refraclory achlorhydria. X-rav of cranium 
lungs (after thoracentesis), stomach, small inicsiinc, and co'lon gave neea’ 
ive findings. Tuberculin test: Manloux pos. 10 x 10 mni with 0.002 g 
tuberculin Blood culture; No growth. " 

During the first three weeks after admission the patient’s temnera- 
ture was subfebrile, aboute 38° C, but dropned andmlK- it n ' 
afebrile. The cyanosis varied greatly 

performed on June 2nd when *> r.nn nP r -.j ‘ ^\as 

displayed no tendency to re-form. ^ ^ 
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In the beginning the patient’s ascites appeared to be constant, and we 
were just considering the possibility of carrying out laparocentesis when 
to our surprise a spontaneous diuresis started which in the course of a 
week removed all ascites. His quantities of urine were then about 2,ooo 
to 2,810 ml per day, and in 5 days a total of 12 1 of urine was measured. 
The following entry was made on June 16th; »No ascites can be 
demonstrated any longer.* 

As the first eye examination did not exclude the possibility of there 
existing thrombotic processes in the retinal vessels, 0.3 g of heparin was 
given daily during the first 9 days. The patient thought that his eye- 
sight improved slightly as a result of the heparin injectioins, but the impro- 
vement could not be verified objectively. 

While the patient was in hospital the SR presented increasing values; 
on June 24th it was 147 mm /hr and has remained high since then. The 
patient left hospital at midsummer, afebrile and free from symptoms 
except with refeience to the eyes. 

Since then we have now seen him every two or three months for more 
than a year. During this period he has felt quite well though his vision 
has been impaired, and in spite of temporary subjective and objective 
improvement it is on the rvhole unchanged. Control on July 23rd disclosed 
anemia (Hb 54 %, R.B.C. 2.3 millions, W.B.C. 13,600). SR 111 mm. 
Blood-sugar 70 mg %. He was given Tabl. Ferrofer foite, 6 daily, and 
on the occasion of the next control on Sept. 3rd Hb was 64 %, R.B.C. 2.84 
millions, W.B.C. 6,400. 

The SR being inexplicably high in spite of the patient feeling quite 
well, apart from his impairment of vision, a more comprehensive blood 
analysis was carried out on Nov. 5th, when the following values ivere 
obtained. Blood calcium 10.9 mg %, cholesterin 348 mg %, fat — 0.61 g of 
substance soluble in ether per 100 ml of serum, albumin 3.89 %, globulin 
5.55 %, A/G 0.7, total protein 8.44. The analysis thus disclosed a remark- 
able degree of hyperglobulinemia and a slight hypo-albuminemia. For 
the sake of compaiison we are quoting the normal values according 
to K. Liedholm, Svensk Lakartidning No. 23; 1943, for fibrinogen 0.2 — 
0.5 %, for albumin 4.5 — 5.5 %, for globulin 1.5 — 3 %, the quotient A/G 
1.5 — 2.5, and total protein 6 — 8 %. 

In December 1942 the patient was again received into hospital for 
further examinations. The following data were then obtained. SR 46 
mm, Hb 76 %, R. B. C. 3.88 millions, W. B. C. 6,600. In a stained blood 
film there were; R. B. C. normal; neutrophils 58 %, 20 % »stahs»; lympho- 
cytes 37 %; eosinophils 1 % and monocytes 4 %. Thrombocytes 168,000. 
Blood-sugar 65 mg %, nonprotein nitrogen 34 mg%. No albumen in the 
urine. Kidney function test with 1 litre of water on an empty stomach: 
850 ml secreted in 4 hours. Good dilution and concentration, spec. grav. 
1,009 — 1,025. Liver function test with 40 g of galactose; Neg. result cf 
reaction, i. e. 0.9 g was secreted. 

Skeletal roentgen gave no indications of myeloma. Renewed blood 
analysis on Dec. 12th yielded the Amlues: Albumin 3.37 %, globulin 4.61 %, 
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Tabic ofccrlain clinical data. 


Date 


1942 
May 30 
June 5 
June 24 
July 23 
Sept. 3 
Oct. 29 
Dec. 10 

1943 
Feb. 17 
iMay 10 
June 26 
Aup. 2S 
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3.89 

5.55 

9.44 

0.7 


46 

76 

3.88 

6.6 

168 

3.37 

4.61 

7.98 

0.7 


90 

73 

3,76 

7.8 


2.68 

4.50 

7.68 

0.6 


92 

74 

3.98 

6.6 


3.80 

3.97 

7.77 

0.9 

* 

85 

67 

2.44 

8.2 






Trace 

82 = 





4.00 

3.55 

7.87 

1.1 

* 


1 A technical mishap? 

* On this occasion an electrophoretic analysis Avas made of the protein in 
the blood plasma, which yielded the following result: albumin 43.0 %, a-glo- 
bulin 5.7 %, ^-globulin 17,0 %, y-globulin 29.9 % and fibrinogen 4.4 %. The 
analj'sis discloses a decided increase in .the y-^lobuHn value as compared w'ilh 
that value in normal plasma, which is about 20 %. 


A/B 0.7, total protein 7.98 %, thus a considerably reduced albumin 
value in relation to an increased globulin value with a normal total protein 
value. 

A control examination in Feb. 1943 gave the following value.?: SR 00 
mm. Hb 73 %, R. B. C. 3.7G millions. In a stained blood film there were: 
R. B. G. normal; neutrophils 50 %, 50 % of rvliich were »stahsi>; lympho- 
cjde? 41 %, the majority being young or immature; monocytes 8 %; 
eosinophils 1 %. Blood analysis: Albumin 2.CS %; globulin 4.50 %; A/G 
0.6; fibrinogen O.C8%; total protein 7.08 %. X-ray of cranium, thorax and 
lumbar spine; No signs of myeloma. 


On May lOlh, 1943, a thorough examination was again made. The 
patient’s general condition was good and he was subjectively well, apart 
from the eye symptoms. TJie cyanosis was unchanged as before. ’ Since 
Dec, 9th, 1942, the patient is receiving Tabl. Priscol, 3 daily, lie is very 
satisfied with this medicine, which he thinks has made liis hands and 
feet feel warmer. SR 92 mm; Hb 74 o/^, R. B. C. 3.98 million.^; W. B. C. 
6,600. Sterna] puncture was carried out and both bone marrow ’and blood 

” following 









252 


BO ANDEUSSON and AYMAR SASIUELSON. 


Blood: Metamyelocytes 5.5 %; neutrophils 71 %, 20.5 % of which 
were ))stabs»; lymphocytes 18.5 % and monocytes 5 <%. Slight toxic changes 
-The red blood picture was on the whole normal. Bone marrow: Prepara 
tion rich in cells. The myelopoiesis slightly displaced towards the left and 
Slight toxic alterations. Erythropoiesis on the whole normal. Megakaryo- 
cytes ‘ within normal range. Reticulum cells decidedly hyperplastic but 
comprise only the lymphoid .forms, the plasma-cellular types having in- 
creased but slightly. They are not of the myeloma-cell type. Diagnosis- 
reactive marrow changes. 

Also on the occasion of the last examinations in June! and Aug 1943 
the patient’s condition was found to be. subjectively unchanged. It should 
be emphasized, however, that since the month of May this year he has 
expel fenced a feeling of numbness in the right side of the face, correspon- 



Takala's reaction. 


ding to the innervation area of the second. branch of the trigeminus nerve, 
and this feeling remains unchanged. The only objective changes were a 
remarkable change in the albumin content of the plasma and the occurrance 
of traces of albumen in the urin. 

No medication apart from the Tabl. Piiscol mentioned above. The 
patient still feels subjectively well and only complains of his poor eyesight. 

Among the numerous symptoms displayed by this patient, the eye 
changes are very remarkable. They are the symptoms that at present 
predominate. 

The first eye examination was carried out on June 3rd, 1942, four 
days after the patient being admitted into hospital and about 5 weeks 
after the lirst symptoms appearing. What -was then found was very un- 
common and difficult to interpret. The eye symptoms have developed 
very dramatically. On May 19th he began to notice tliat his vision on the 
right eye disappeared during the course of the day. 3 days later he lost 
his sight in the other eye. "ViTien examined his vision in the right eye was 
4/60 and in the left 3/60, and he could obtain this maximum vision only 
with peripheral fixation. No improvement could be obtained with glasses. 
The pupils reacted very slowly to light. The motility of the eyes seemed 
to be normal. The conjunctiva was pale with a slight chemosis in both 
eyes. All this was in itself not very remarkable. So much the more remark- 
able were the findings in the eye-grounds, however, which when first 
observed were described in the following manner (Kaipe): »The eye- 
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grounds present a very peculiar picture wdlh great retinal and vascular 
changes around, the optic papillae and the maculae, the margins being 
normal. The vessels display great variations in size; the arteries are gene- 
rally smal, the veins dilated. Around the vessels and their branches the 
retina is whitish and swollen so as to form small centres grouped Jibe ridges 
or wisps of clouds along the blood vessels. These symptoms are .mo.st 
strongly pronounced in the maculae, wliich are almost quite wdiite, the 
foveae centrales being a contrasting cherry-red colour. Many of the small 



Fig- 3. Visual fields of the right eye, 
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it was found that the patient’s vision had improved somewhat both siih- 
jectively and objectively and that exudates and hemorrhages were being 
distinctly resorbed. Kow, however, a fresh and rather uncommon pheno- 
menon was noted, for the blood flow in the distended parts of the veins 
proceeded slowly and intermittently, like a regular flow of small beads 
between which there W’ere yellowish white parts of the same size as the 
»beadsa. A couple of papilla-breadths from the papilla the vein again 



Fig. 4. Visual fields of the left eye. 


narrowed rapidly and in this part, as in the more marginal parts, where 
the veins were also smaller, this phenomenon could not be observed. Such 
a symptom is rare and occurs in cases when the blood flow is retarded in 
vessels of different sizes in the same vessel. It arises only in the distended 
parts and can best be characterized as a dripping in the vessels instead 
of an even flow' of blood. This does not imply that this is the only or even 
the right explanation. One possibility is that the changes in the plasma 
protein and the consequent increase in the agglutination of the blood cor- 
puscles, which in its turn produces an increase in the rate of sedimenta- 
tion (mirrored in the high SR), may in some manner have caused the 
phenomenon. 

On this occasion an examination of the field of vision was also made, 
and a binasal incomplete hemianopsia wms found to exist. This has subse- 
quently increased in the left eye to an irregular reduction of the field of 
vision of no specific character, but in the right eye it remains practically 
unchanges (see fig. 3). No explanation of this change of the field of vision 
has been obtained, but it may perhaps be interpreted as caused partly 
by an initial withering aw'aj' of the optic nerve, partly by the proliferous 
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the last few' days. Tlie hemorrhages appeared to liavo started in the 
veins running downw'ards, w'liose irregular Avidfli liad remained constant 
the whole time. In the riglit eye there were only retinal and preretinnl 
hemorrhages, but in the left ej’c a very great part of (he prerotinal he- 
morrhage had also invaded the vitreous body. As (ho hemorrliagos 
were fairly marginal tliey did not obstnicl the vision very miicli, but 
produced a certain subjective feeling of obscuration in the field of vision. 
Instead the eyesight increased somewlial in llie right eye, to O.I, whore, 
too, the hemorrhages were not so pronounced, Inu in the left eye it was 
3—4/50. No improvement could be achieved witli glasses. 

In the control e.xamination on Feh. 1013 it proved that the exudative 
centres as %Yell as the. original retinal hemorrlinges in fho fundus of (ho 
eye had been partly resorbed, and now (here was seen a light grey-white- 
rosy atrophy in the retina, comprising the wliolo inacular area and an 
area of about Ibe same size outside it. The optic papillae were very pale 
With disuse margins and an intense new formation of fine vessels within 
the papillae. These vessels seemed to emanate from the veins, for (he 
arteries were so greatly constricted that tliey could not be distinguished 
m the altered parts of the papillar area. In certain parts peripherally 
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to the macular area they seemed to have been replaced by »silver arteries*. 
The above described peculiar changes in the blood flow in the distended 
parts of the veins could no longer be observed. This would seem to depend 
on the fact that the blood flow was smoother and is interpreted as an 
increase in the amount flowing through, possibly as a result of the treat- 
ment (Priscol). The haemorrhages in and on the retina and the hemor- 
rhages in the vitreous body were on the whole unchanged. The whole 
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Fig. 6. Visual fields of the left eye. 


vitreous body had, however, been made somewhat turbid, so that the fun- 
dus of the eye was slightly dimmed, though not more than that the details 
could be made out (the sketch was made on this occasion see fig. 2), 

The patient’s condition was now thought to be fairly definitive, especi- 
ally as during the last 4 months he had felt comparatively well and had 
cnlj^ complained of his poor eyesight. However, he was still examined 
from time to time and in the beginning of May 1943 we were surprised to 
find that his eye status had deteriorated due to some very curious changes 
in the eyegrounds and vitreous bodies. This was especially true of the left 
eye, w^here the vision W’as now but half of that of the other eye, which ivas 
4 — 5/50. This vision was still obtained with peripheral fixation only, but 
now slowly than before. 

Tlie changes consisted partly of dense veil-like new formations mainly 
on the site of the former hemorrhages and were interpreted as a form of 
retinitis proliferans, party of fan-shaped and omentum-like formations 
all emanating from the. optic, papilla or at any rate from its immediate vici- 
nity. Also these latter reminded of retinitis proliferans. The remarkable 
thing about them was, however, that they contained new blood vessels, 
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In the left eye it was so pronounced, that the optic papilla was almost 
entirely obstructed. 

Except for these symptoms, of which wc had no acceptable explana- 
tion, we could only establish an increasing defect of (he field of vision of the 
left eye. The ey'e status otherwise was essentially normal. Thus the pr sition 
and motility of the eyes was normal, but the convergence ability wa.s 
lacking. The pupils were certainly comparatively large, but alike on 
both sides and reacted to light directly and consensually, though it could 
not be determined whether this was for the sake of accommodation. Those 
symptoms have, what more, remained unchanged during the wliole period 
of observation. Likewise it has not been possible to establish any patho- 
logic change in the eye pressure,' neither a rise nor a drop. 

About 6 weeks later (June 1943) some of the changes last described 
were being resorbed, this being especially true of the hemorrlingcs l)nl also, 
Eiough much less so, of the new formations resembling retinitis proUjerans. 
On the other hand the blood vessels displayed a lively i)roliforation .and 
from the earlier blood vessels at the edge of the new formations vo.ssels 
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of viirioiis wort' now soon fti niit its ‘ilr.iifjhl :is niiils info tlio vilit- 

oils luidy ('/). Till' vision wa*; now stuaowlial liodfr in Un.‘ ri^lil rye, Jmt 
ollicrwisc no fiian^jt' mtild In- olisorvi tl. 

Will'll iifli-r aiiolloT ft'W wooIjs (An^'. 10 f:<) Uii* oyos wort; nuain exaniin. 
od, ;i ronsidcnildf inipaitmotil was found to Iiavo sot in, ifsjtmally vdtli 
rofiTfiirt' to liif loft oyo. 'I’fn- haomorrliatros already di’si rilicii novvaj)j)oar- 
I'd to h.'ivo [H'lu’lratt-d into tlio n'nlral parts of llio vitrooiis liody and 
linil sproad so very imicli that it was no lonpor possiltlr' to sro any details 

H a i:! j '2f. tn 



of tlif fyt'-p’ronnds. 'I'lo- patient’s visitin li:ol also ili'lerioraled, so that lie 
was nicri'ly iihh* to perifivt* lipht pt‘riph<T;illy and lor;ite lichl coinint: 
from hi'low. Tlo' in-w vessels fornn il in the *omentuin* wert' now still 
more j'ronoimft'd ;md were yr< ;itly lamifi* tl like a tleltii. The same kind 
of clianp'es were cdtserved in the riu’ht eye lhoiif;h they were less pro- 
nonneed. Tilt' vision was somewhat lo'tter hert*, too. Itoiiif: 3 -— t r> 0 . The 
eye pressure leimdns noimai. 

It is evident finil the ilise.ise has not yet rome (o a standstill, either 
iis regards the eye- or Ilie jjener.il synifttoms, iind the rase is still heinp 
observed. 


Summary. 

A iiii(l(lk’-noi>(l mnn, who tiuriipi; a nuiuln’r of years lia.s been 
troul)le(] by hiirly mild and con-slant .symplom.s from Uie joints 
of a polyarllirir nature, has an acute atlack of a severe sepsis-like 
infections disease with a liioh temperature, bipii SH, increased joint 
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Evmrtoms. rapid impairment of vision, moderate dyspnoea, and an 
:Zg2;t o' the Lomen. In addition to a stritang and ve^ 
prononnced acrocyanosis (which, however, he has 
for the past 8 years) the examination discloses a senes of remarkable 
eve changes in the retina, retinal vessels, optic nerve and vitreous 
body which are difficult to inteipret. The arteries were extremely 
small, some of them being obliterated (»silver arteries.)). For 
some time the veins close to the papilla were varicosely distended, 
being narrower farther peripherally. The blood flow was 
fractured in a curious and uncommon manner, wdiich phenomenon 
gradually ceased. In the retina there were to begin with grey 
cloudy exudative centres, which disappeared. There were also 
retinal hemorrhages and later preretinal hemorriiages appeared 
as Well as hemorrhages in the vitreous body, which when resorbed 
were replaced by new formations of the type of retinUis proliferans 
but first of all by an uncommonly intense new formation of vessels, 
partly within the strings in the vitreous body and partly outside 
and apparently free inside the vitreous body. The optic ner\ms 
gradually became atrophic here too, with a profuse new' formation 
of small vessels. The vision was strongly impaired and the patient 
wns but able, with peripheral fixation, to count fingers at a distance 
of three metres with one eye and had only peripheral perception 
of light with the other; the field of vision Was restricted, most 
in the left eye, probably mainly on account of tlie atrophy of the 
optic nerve. 

Other findings w'cre a large pleural exudation on one side, ascites, 
high SR, leukocytosis with an increased number of non-segmented 
leukocytes, and lymphocytosis. The gastric juice contained no 
hydrochloric acid. The patient soon became afebrile and the 
pleural exudation show'ed no tendency to re-form after draining. 
An enhanced spontaneous diuresis was accompanied by tlie rapid 
disappearence of the symptoms of ascites. Apart from the remain- 
mg impairment of vision the patient felt quite well. How'ever 
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Wintrobe and Buell have described s 


a case somewhat similar to 
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ours (Bulletin of the Johns Hopkins Hospital 52: 1933). That 
case also presented hyperproteinemia, acrocyanosis and changes oi 
the eye-grounds. The latter, however, were evidently not attri- 
buted verj’- great importance; in any case they are discribed very 
briefly: )>The eye-grounds showed extensive hemorrhages mth 
extreme dilatation of the veins, findings which were interpreted 
as indicating thrombosis of the central veins of the retinae. Tlie 
arteries were slightly smaller than normal but definitely patent.^ 
A spontaneous fracture disclosed bone metastases. Death occurred 
after 4 months’ observation. The diagnosis of the pathologists 
was plasma-cell myeloma invading the humerus and lumbar 
vertebra. 

In our case it will with great probability be possible to exclude 
myeloma. Tlie decidedly chronic course (Ave have observed the 
patient for more than a year and the cyanosis has lasted for 8 
years), the absence of Bence-Jones protein in the urine, the absence 
of myeloma cells in the tissue removed by sternal puncture, and 
repeated negative skeletal roentgen examinations decidedly con- 
tradict such a diagnosis. Probably we arc confronted Avith an 
unknoAATi syndrome AA'here the clinical picture is dominated by 
the triad: h)T>crprotcincmia, acrocyanosis, and changes in the 
fundus of the eye. We do not even knoAV hoAVCA’-cr, AAdiether the 
hyperproteinemia is the cause of this circulatory disturbance or 
AAdiether it is the other Away round. Perhaps the tAvo synuptoms 
are collateral. Tiie Amriations in the changes in the eye-grounds 
seem to shoAV that it is a disease in progress. Perhaps the continued 
study of this case Avill contribute to the solution of this problem. 
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On spontaneous hypoglycemia referable to the 
presence of adenomas in the islets of Langerhans. 

By 

S. LUPS. 

(Submitted for publication, January 5, lOM). 


The diagnosis: spontaneous hypoglycemia, Icnlatively put 
fonvard to account for certain psychical and aulonomic-nen^ous 
symptoms, requires for its confirmation the presence in the patient 
of a low blood-sugar value and a prompt response to the admin- 
istration of sugar. 

Hyperinsulinism is not the only cause of spontaneous hjq)ogly- 
cemia. An abnormally low blood-sugar value may also be due to 
other causes. In order to arrive at an effective therapy, the diag- 
nosis: spontaneous hypoglycemia is therefore insufficient ajid must 
be supplemented by an inquirj’- into tlie nature of the Inqfogly- 
cemia. 

Conn 1 in studying the most important information in the lite- 
rature on spontaneous hj-poglycemia arrived at llic conclusion llial 
80— 90 per cent of the cases may be classified under the 3 following 
headings; 

r. Organic spontaneous hypoglycemia. 

IL Functional spontaneous hypoglycemia. 

Ill Hepatogenic spontaneous h^'poglycemia. 

'■Conn, Jrn. Am, Med. Ass, vol, 115 1940 


p. 1GG9. 
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The remaining 10—20 per cent are associated with hypofunc- 
tion of the anterior pituitary, gland, of the thyroid and of the adre- 
nal cortex and further with renal glycosuria, with strenuous mus- 
cular exertion and with pregnancy and lactation. The three ini- 
tially mentioned groups being in general practice the more im- 
portant ones, we will confine ourselves to them. For inore com- 
plete information the reader is referred to Conn’s paper. 

Group I. Organic hyperinsulinism. In this category the fol- 
lowing cases are especially noteworthy: pancreatic-islet-cell ade- 
noma, pancreatic-islet-cell carcinoma and hypertrophy of the 
islets. 

Conclusive evidence for the presence in the pancreas of one of 
these anatomic aberrations may be derived from: 

a. The regular occurrence of fasting blood-sugar levels below 
0.05 per cent. The attacks due to the hypoglycemic condition take 
place in the morning before breaMast, 3 — 4 hours after meals and 
also after strenuous bodily exertion. 

Akerberg^ is of opinion that the morning attacks are not 
merely due to fasting, but should also be ascribed to the circum- 
stance that the liver at this time is in the assimilatory phase, in 
which the synthesis of glycogen takes place and in which the com- 
pensatory glycogenolysis is therefore slowed down. 

b. A decrease of the fasting blood-sugar level below 0.04 per 
cent, when a diet low in carbohydrate is given. 

(In Group III too on a normal diet fasting blood-sugar levels 
below 0.05 per cent and on a diet low in carbohydrate below 0.04 
per cent may occur.) 

c. An exceedingly Ioav blood-sugar level during the attacks. 

d. The absence outside the pancreas of factors which might 
cause hypoglycemia. 

Carcinomas starting from the pancreatic-islet-cells (like the one 
described by Wilder et al. ^), appear to be comparatively rare. 
Van Beek^ in studying the literature found but seven cases record- 
ed. (Ordinary pancreas carcinoma, which according to Vos ^ is 
found in one half per cent of all post mortem examinations, origi- 

lAkerberg, Acta Chir. Scand. vol. 83— 1940— p. 104.' 

- VYilder, Allen, Po^Ye^, and Robertson, Jrn. Am. Med. Ass. vol, 89 — 1927- 
p. 348. 

= Van Seek, Ned. Tijdschr. v. Geneesk. 86— II— 1942— p. 1045. 

^Vos, Ned. Tijdschr. v. Geneesk. 1940— II— p. 2220. 
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^nates in the excretory part of the organ and causes no hypogly- 

Pancreas tumors causing hypoglycemia are, as a rule, proli- 
ferations of the islet cells of an adenomatous nature. 

Clinically the differentiation behyeen the islet-cells adenonra 
and the islet-cells carcinoma is very difficult and often even im- 
possible. Tlie patient's age and the speed with wliicli the S 3 Tn- 
.ptoms proceed would not give any indication of .the differentiation 
(Windfeld^). 

With regard to the importance in practical medicine to be as- 
signed to the islet cells hj^pertrophy, opinions diverge. WHiother 
hj'pertrophj’’ of the islet cells occurs in adults, is uncertain and 
.becomes more and more doubtful. 

Group 11. . Functional hj^perinsulinism. To tl)is group the 
great majority of the h^'^poglycemias belong. Its most important 
symptoms are; 

a. Tlie absence of the progressive tendency found in group 1. 

h. That periods of serious complaints alternate witli periods of 
complete recover}^. 

c. The usually normal fasting blood-sugar level and accordingly 
the absence of attacks in the period before breakfast. 

d. Tliat a diet low in carbohj-drate causes a lowering of the 
fasting bloodsugar level, which is not in excess of the decrea.s'e 
found in normal persons. 

e. Tlie occurrence of hj'poglj-cemic attacks 3 — ‘1 hours after 


.meals. , - 

f. The short duration of the attacks and tlie usually spon- 
taneous recovery of the patient, even if no food is administered. 

A diet high iri carbohj^drate usually increases the severity and 
tlie frequency of the attacks. : 

Clark and Green ^ noted a remarkable improvement when a 
diet low in carbohydrate but high in fat was given. According 
to Johns this kind of hypoglycemia reacts' favourahlj^'. on a diet 
high m fat, when 20 I. U. of insulin are given’ half an hour after 
each meal Conn and Wilder^ saw good resnits of a diet high in 
, protein aiid low in carbohydrate. ■ , 

Srand. vol. S-l— 19-11 n 155 

; fSsl-p." GSg'"’- 1459. 

onn, Jrn. Clm. Inve-stigation. vol. 15— 193G— p. 073. 


18 


Ac/o jned. scandinav, Vol. CXVII 



S. LUPS. 


264 

Group III. Hepatogenic hypoglycemia. It is characterized by 

a. A decided tendency to progressive development, 

b. The frequent occurrence of post-prandial hypoglycetnia 

Especially during the night it is difficult to maintain a satis- 
factory blood-sugar level. As the decrease in the amount of blood 
sugar continually proceeds, the minintum value is reached in the 
early morning before breakfast; it is at this moment that most of 
the attacks occur. The frequency and severity of the attacks in- 
crease when the amount of carbohydrate in the diet is reduced, 

c. Tlie form of the dextrose tolerance curve, which notwith- 
standing the exceedingly low fasting blood-sugar level, resembles 
that found in cases of diabetes. 

^Vllipple^ is of opinion that in this category serious distur- 
bances of the liver function are always noticeable. According to 
Conn, however, disturbances of the liver function or disease of the 
gallbladder are not necessarily revealed by clinical investigation. 
At any rate, since the disturbance of one of the liver functions need 
not impair the normal conduct of the numerous other ones, as 
many of them should be tested as appears practicable. 

Adenomas of the islets of Langerhans have but rarely been re- 
corded. In Dutch medical literature there is a communication by 
Vos, dealing with a post-mortem examination. Moreover a paper 
has been published by Van Beek, Haex and Kooreman ^ in which 

а. 0. a case is described where an operation was performed. Another 
case, in which the patient was operated upon, follows here. 

Van G., a man aged 28, was taken to the Clinic for Psychiatry on Nov. 

б, 1941, with the followng anamnesis: 

Nine years ago, at nine o’clock in the morning of December, 31, he had 
for the first time a mervous attacks. Shortly before he had behaved in a 
strange way. In putting on his clothes, he had made mistakes, his hands 
had been shaking and when questioned, he had not answered. Afterwards 
he felt oppressed, in bed he moved to and fro and vomited slightly. At 
ten o’clock he fell asleep and slept wthout a break until four o’clock next 
morning. During this sleep he opened his eyes when spoken to, but gave 
no answer. The day after he felt somewhat dull, but the next day he 
resumed his work. Three weeks later, when bicycling, he had a similar 
attack. He fell down and just when it occurred to him that people were 
shouting, he lost consciousness. He soon came to again and mounted 
his bicycle once more. A month later, when at work, he suddenly felt 

1 Whipple, Jrn. Int. de Chir. T. 3— 1938— p. 237. 

“ Van Beek, Haex en Kooreman, Gencesk. Bladen. 1942. 
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ciddv experienced an irritating sensation in both bands, wbicb lasted 
for about ten minutes, but did not lose consciousness. During this period 
he AYas treated with luminal, but -without success. 

\flerwards about ten times a year slight attacks manifested themselves, 
whik started AA'ith a hungry feeling, Avhilst his hands trembled and lus 
arms made jerkj' movements. This was followed by a period of menial 
confusion of which he had no recollection afterwards. Sometimes, how- 
ever, the attack restricted itself to the first-mentioned symptoms. It also 
occun-ed that he saw stars before his left ej'e and jerked his left arm. These 
symptoms were attended by a sensation of hunger. If the patient at the 
beginning of an attack found a opportunity to eat something, he often 
succeeded in checking its further development. After an attack too he 
felt hungry. Ten months ago and again two months later, the patient -was 
sent to hospital and taken into observation by a neurologist. As a cerebral 
cause suggested itself, lumbar puncture and ventriculography Yvere applied, 
but no deviations were found. During the two periods of observation, 
which between them took up eight weeks, no attacks rvere noticed. Since 
his last stay at the hospital the patient took 250 mg luminal and 2 g bromide 
daily, but notwithstanding this treatment the attacks did not cease. 

This time the patient asked for admission, because in the six preceding 
days every morning, when about to rise, he had had a ratlier sexere attack, 
Avhich lasted respectively for 1, 2, 1 2, % and 1 hours. After these 

attacks he took his bicycle and rvent, as he was used to do, to his work. 

Patient was admitted at 4 o’clock in the afternoon. Since the early 
morning he had been in a somnolent condition. \M\en spoken to, he awoke 
more or less and answered very slowly, but his speech -was almost inarticu- 
late and at times nearly unintelligible. 'ftTien admonished to speak more 
clearly, his speech became somewhat more intelligible, but the end of his 
sentences were al-ways lost in indistinguishable sounds. He was insufficient- 
ly aware of time and space. He was able, howeY'er, to recognise the people 
who Avere AAith him and also fairly sure of his oivn personality. His com- 
plexion AA-as rubicund. In bed his head fell back limply and his mouth 
partially opened; he Avunled to sleep and asked to be called early, because 
he must go to his Avork. Later he imagined himself to be felling trees.AAoth 
his comrades 


The physical examination reA-ealed no abnormalities. Patient was 
slenderly built and had but little subcutaneous fat; the tension Avas 150/90. 

The morning after his admission the patient a\tis semi-comatose. The 
blood-sugar leA-el Avas found to be 0.047 per cent and Avas therefore h-ypo- 
glycemic. 

folloAving blood-sugar values were found: fasting 
0.061, 8 a. m. 0 057, 9 a. m. 0.077, 10 a. m. 0.081, noon 0.061, 1. p. m. 
0.09/, 4 p. m. 0.0/6, 9 p. m. O.lla per cent. On the folloAving days similar 
Aalues AAere oblmned. The dextrose tolerance test Avith 50 g dextrose 
gave the folloAvmg values: 0.048, 0.120, 0.048, 0.03G and 0.036 per cent 
About tAATce daily, especially before breakfast, but sometimes also later in 
the morning or m the afternoon, patient became slightly somnolent and 
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tossed restlessly about, a condition which usually passed into delirium. 
During these attacks, which never occurred after 7 o’clock in the evening 
the blood-sugar values varied between 0.061 and 0.044 per cent. As the 
attacks were always immediately checked by the administration, of sugar 
the diagnosis was; spontaneous hypo lycemia. During this time tlie 
fasting blood-sugar values were: 0.068, 0.059, 0.065, 0.066, 0.048, 0.061 
0.070 and 0.061 per cent. As patient, contrary to our advice, returned 
home, a more detailed diagnosis could not be made. 

At home the attacks continued and already one week later patient 
was sent by the family doctor to surgeon Dr. Klinkenbergh, who took lnm 
to St. Anthony Hospital and asked me to complete the diagnosis. 

During this period of observation too, hypoglycemic attacks of the 
same kind as those observed in the Psychiatric Clinic occurred. 

Differential diagnosis: As no indications were present for a lesion of the 
hypophysis (Simmonds’s disease, hypophysis tumor) or for a lesion of the 
central nervous system, the only possibilities between which the diffe- 
rential diagnosis had to decide, were- hyperinsulinism due to a lesion of the 
pancreas, functional hyperinsulinism, hypofunction of the adrenal cortex 
and a lesion of the liver. 

Although the amount of hippuric acid in the urine (2.8 g instead of 4.4 
g in 4 hours) must be regarded as insufficient, a hepatic disease seemed out 
of the question: the galactose tolerance was normal, urobilin was absent 
from the urine, there was no macrocytosis in the erythrocytes, the bili- 
rubin content of the serum was no increased and above all the blood- 
sugar curve did not rise above 0.120 per cent and the gallbladder was 
normal and contained no stones. 

A lesion of the adrenal cortex was not so easily dismissed, the difficulty 
being that the blood contained almost no adrenalin (less than 10:^^ -whereas 
normally lO-^® is found, dr. Le Heux). -However, as there were no-.indi- 
cations for Addison’s disease or for the presence of an adrenal tumor, this 
possibility too ^vas finally rejected. 

A choice had now to be made between the two remaining possibilities: 
the presence of a pancreas adenoma and functional hyperinsulinism (on 
account of the protracted period of the complaints, the presence of a pan- 
creas carcinonia seemed unlikely). The fasting bloodsugar levels, which 
for the discrimination between these two kinds of hyperinsulinism are, as a 
rule, conclusive evidence, were of no avail here. On a normal diet they 
varied between 0.046 and 0.074 per cent, with an average value of 0.055 
per cent (based on 18 determinations); on a diet containing 20 g carbo- 
hydrate, 50 g protein and 137 g fat, they sank to 0.047, 0.044, 0.040 and 
0.046 per cent, the attacks becoming: at the, same time more severe. 
Although during this period, -when a normal diet was given, the fasting 
blood-sugar values seldom sank below 0.050 per cent and a provocative 
diet gave no values below 0.040 per cent' (cf. sub Group I), a pancreas 
exploration was finally decided on. We were chiefly led to this decision 
because throughout the day low blood-sugar values were found, a condi- 
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lion which we had never noticed in cases 


•of functional hj^perinsulinism 




nias 


? The oneration report follows here: , j „ 

Shortly before operation patient received 50 cm® of a 20 per cent de - 
iro^e solution intravenously. The operation took place under aether nar- 
cosis (open mask) after a preliminary treatment %vith aethylchlonde. A 
transverse, slightly arcuate incision was made m the 
abdomen, a few cm above the navel. The two muscuh recti with the r 
sheaths were transversely cut, the incision extending slightly into the late- 
ral abdominal muscles. After the peritoneum had been opened, liver, gall- 
bladder, stomach, colon and spleen were inspected and palpated. No 
aberrations were found in these organs. 

After the branches of the arteriae gastro-epiploicae dextra et sinistra 
had been tied up, the ligamentum gastro-colicum and the ligamenlum 
gastrO'Splenicum were split over their whole lengths. In this way the 
bursa omentalis nns opened and the whole pancreas revealed. 

Tlie pancreas appeared normal in colour, size and consistency, but in 
the cauda, which lay very deep, close to the spleen tivo small tumors were 
■visible on the surface, one in the midst of the parenchjmia and the other 
in the lower part. The former was the size of a cherry, the latter that of a 
small marble. Their colour was not markedly different from that of the 
rest of the pancreas (they were neither red nor purple), but they were 
easily .recognizable by their globular shape and by their consistency. Some 
small bloodvessels were first of all tied up, and then the tumors were easily 
detached and removed. In the wound bed too a few small vessels had to be 
seized and tied up, but the bleeding was of no importance. The'xvhole 
pancreas, especially the caput -was once more carefully inspected and 
palpated, but nothing suspicious was found. In the wound bed a drain 
was laid, which tlirough a stabwound in the n-aJl of the abdomen opened 
on Ihe surface. The pancreas capsule ■was too thin to be sewn up and the 
ligamentum gastro-colicum too was left as it was. The incision in the ab- 
dominal wall u'as carefully closed, the layers one by one being sewn up. As 
the cauda pancreatis lay uncommonly deep, apart from the transverse 
mcision, part of the linea alba had to be cleft as well. 

easit.Sl'I'f’' 'T'®™ have made this opetatioh 

cent dextrose solution and of adrenalin 


admmis.«i„„ o, a mi,v,aA;r«*r;dWdr''“' •” ““ 


40 cm®, of a 20 per 
0 check.- After the 

improved. oxygen the condition 
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the seventh day the sutures were removed, the wound healed without any 
complications. On the fourteenth day patient was allowed to leave his 
bed and nineteen days after the operation he returned home completely 
cured, and up to now (October ’43) no other hypoglycemic attach has 
manifested itself. 


Histological investigation. 

The smaller tumor has been studied by Miss Ca van Seek in the labora- 
tory of Prof. Lignac. Her report is here reproduced: 

Macroscopical results; 

The object is a piece of more or less solid tumor tissue, which shows 
through a firm, locally vascular fibrous capsule of a greyish hue. The 
cross-section is homogeneous of a greyish colour, here and there -with 
yellowish spots and traversed by septs springing from the capsule. 
Microscopical results: 

The layer of pancreas tissue outside the thick fibrous capsule is mark- 
edly compressed. The excretory parenchjTna is atrophic and the same is 
true of the islets of Langerhans, which are normal in other respects. 

Strongly oedematous and therefore rather thick vascular septs ol 
connective tissue extend from the capsule into the mass of tumor cells. 
Hyalin had nowhere been precipitated and the amyloid reactions too are 
negative. 

In the frozen sections the tumor tissue reminds one of liver paren- 
chyma, but in the celloidin sections this resemblance is less clear. It con- 
sists of numerous polygon ous cells wth large, sometimes globose, but 
usually ovoid, vesicular nuclei. \^Tren stained wth haematoxylin the 
latter become purple and show a fine network of chromatin, between which 
one or two nucleoli are clearly perceptible. Not rarely two nuclei aie 
found in one cell. 

In several places the protoplasm is minutely' vacuolised. This was 
suggested already by the macroscopical aspect, for the yellow spots are due 
to the presence of fat and/or lipoid; when stained with Sudan III, numerous 
cells appear to be filled with small orange globules. 

The tumor cells vary in size and shape. Necrosis is nowhere seen and 
mitoses are a great exception. There is no infiltration into the surrounding 
tissue and the blood vessels contain no tumor cells. Here and there the 
fibrous stroma is somewhat more strongly developed and encloses islets of 
tumor tissue; the peripheric cells of the latter show a more or less distinct 
palisade formation. 

Between the tumor cells numerous , usually collapsed , capillaries are found. 

A few slight extravasations are observed. 

Conclusion; a benign adenoma of the islets of Langerhans. 

A small piece of the la ger tumor was examined by Prof. Nieuwenhuyse. 
Its structure too answers that of the adenomas of the islets of Langerhans. 
There is a large amount of connective tissue and the epithelium is split up 
into very' irregular islets. Here too no signs of malignancy were observed. 
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Vie details given above refer to a man, 28 years of age, who 
for nine years had been suffering from hypoglycemic attacks, but 
whose disease during the first eiglit years sliowcd no marked 
progression. Only in the last months a deterioration set in and 
the frequency as well as the severity of the attacks increased. 

In working out the differential diagnosis some difficulty was 
experienced when a choice had to be made between the presence 
of an adenoma and functional hyperinsulinism. On a normal diet 
the fasting blood-sugar values were on tlic average 0.055 per cent, 
and on a diet containing 20 g carboliydratc, 50 g protein and 1.37 
g fat 0.046 per cent was found. As Conn conclude.s from the 
of an extensive materia] that the fasting blood-sugar level in casei 
0 an adenoma, usually lies with a normal diet below 0.050 per cent 
and with a diet low in carbohydrate but high in fat below 0.040 
per cent, our data seemed to make the presence of an adenmm, 
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those found by us were of the same colour as the rest of the pan- 
creas. The microscopical examination, moreover, proved that they 
contained much connective tissue. It is not impossible that for years 
but little insulin was given off by these adenomas to the circula- 
tion, which would explain the small number of attacks. 

In the literature more of such protracted mild cases are to be 
found. From our own experience Ave infer that hyperinsulinism 
caused by adenomas such as ours may sometimes have been mis- 
taken for functional hyperinsulinism. 

Postoperatively a diabetes manifested itself, which lasted 
for 11 days (Fig. II). During the first 40 hours after the operation 
every 2 — 4 hours blood-sugar determinations were made - 'and 
values varying between 0.276 and 0.206 ;per cent were found. 
During the first 24 hours the urine contained 2 % per cent sugar. 
Four days after the operation the blood-sugar; values were; fast- 
ing. 0.228, after hour 0.234, 1 hour 0.254, 1% hours 0.212, 2% 
hours 0.246 per cent. From the fifth to the eleventh day after the 
operation the fasting value gradually sank from 0.140 to 0.112 per 
cent and on the twelfth day it was 0.092 per cent. On the fifteenth 
day the bloodsugar curve was: 0.094, 0.212, 0.214, 0.130, 0.084, 
per cent and on the twenty-eighth the values were: 0.116, 0.192. 
0.168, 0.136, 0.081 per cent. . 
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How is tliis. post-operative diabetes to be explaiiu tl? 

. As it lasted loo long to be ascribed to maiiiptilations rarried 
out during the operation, two furlber possibilities remain: 

1. It might be that the surplus of insulin bad indured tlu- 
production of a compensatoiw amount of insulin antagonists in th*- 
hypophysis, Tliesc antagonists remained in action for some litn-' 
after the adenomas liad l)een removed, but gnuiualiy the htinnonai 
action returned to .its. normal level. 

2. It might also be that the insulin retjuiroments of the body 
were covered by the output of the adenoma and that the nonmd 
islet tissue had become inactive. 

As the diabetes disappeared wilbin a fnrlnigbt after the opera- 
tion, the last supposition appears to ns the more acceptable one. 
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Protective value of the intracutaneous and 
percutaneous methods of BCG vaccination. 

(A comparative experimental investigation). 

By 
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Tliere are few subjects in medicine wliich liave inspired such 
bulky and divergent views as Calmette and Guerin’s BCG vaccine. 
This confusion has made clinicians adopt a reluctant »wait-and-sce» 
attitude as long as their research-colleagues have not definitely esta- 
blished its merits as a safe and effective anti-tuberculosis measure. 
Tliis traditional and highly commendable altitude has gradually 
changed into acquiescence in face of all the con\dncing experi- 
mental and clinical evidence in its favour. Thus, during the last 
five years, a universal interest has been aroused in its use as an 
important addition to existing anti-tuberculosis measures, even in 
German5% where a law against its use was enacted shortly after 
the Ltibeckt tragedy in 1930. 

Now that sufficient work has been done to prove that the BCG 
vaccine is harmless for animals and man, attention has become 
concentrated upon finding the ideal method for its administration to 
man. Desirable features of the ideal vaccination method would be 
the following: it should be relatively painless; it should produce 
a minimum of local blemish, and above all, it should give rise to a 
maximum of specific protection against attacks of virulent tubercle 
bacilli. 


protective VAEUE .OT..THE IKTRACUTANEOUS AND ETC. 4/0 

Specific protection against a virulent infection is produced 
only when the BCG vaccine enters the body parenterally and in 
turn is capable of'starting certain cellular reactions which change 
the host into a medium' unfavourable for the gi'owth and spread of 

virulent tubercle bacilli. ■ ^ 

The BCG vaccine stimulates a variable measure of such specific 
protection. It is unfortunate indeed that no biological test is avail- 
able which discloses the degree of such acquired specific protection, 
except the experimental test of exposing the vaccinated animal to 
an inoculation with virulent, tubercle bacilli. This is impracticable 
in man, although Calmette (1) expressed the opinion that in order to 
produce a permanent immunit}^ it was commendable to expose the 
relatively BCG-immunized individual to a virulent infection soon 
after. vaccination. However, we knorv that the allergic state deve- 
lops concurrently with the relatively inmmne state shortly after 
the BCG vaccination. Although those Uvo states are independent 
and apparently antagonistic biological principles, it is an experimen- 
tal and clinical fact that a tuberculosis resisting organism is simul- 
taneously an allergic organism. The tuberculin test discloses reliably 
the state of allergic hypersensitiveness. Hence, on the basis of a 
positive tuberculin test Ave may discern the presence of the relati- 
vely immune state produced by the BCG vaccination, of which 
allergy is the shadow but not the substance. 

On the basis of the incidence of positive tuberculin reactions 
after the BCG vaccination, Ave Avill be in a position to determine the 
ideal vaccination method Avhich needs must be that Avhich produces 
the greatest percentage of positive tuberculin reactions. If to this 
advantage we may also add the other desirable features oXtlie ideal 
vaccine, namely, that its mode of administration produces a mini- 
mum of local blemish as Avell as a maxinrum of specific protection, 

then Ave shall readily hit upon the BCG Amccination method par 
excellence. . 

The burden of this present comparative investigation is to 
make a chrsory survey of the intracutaneous and percutaneous 
methods of BCG vaccination noAviit Amgue and to correlate these 
findings Avith our oAvn experim,ental and clinical experience. 
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Oral, subcutaneous and intracutaneous BCG vaccination. 

Tlie discoverers of the BCG vaccine, Calmette and Guerin (2) 
were convinced that the oral administration of BCG to young cal- 
ves produced an effective protection against a virulent tuberculous 
infection. Wlien Weill-Halle and Tuipin (3) were entrusted hy - 
Calmette in 1921 to perform the first BCG vaccination on infants, 
they likewise administered the vaccine orally in 10 mg dosages on 
3 successive days. Three months later only 2.5 percent of these 
infants had become tuberculin positive and 7.6 percent after 1 
year. They presumed therefore that the orally administered BCG 
was mostly excreted vdth the faeces. Tin's presumption was esta- 
blished experimentally on guinea pigs by Birkhaug (4). Weill- 
Halle and Turpin abandoned thenceforth the oral method and 
began to inject the vaccine subcutaneously in 1924. Tlie initial 
dosage of 0.25 mg. BCG produced such extensive local necrosis 
that the dosage was reduced to 0.01 and 0.02 mg. Noav they obtain- 
ed more than 90 percent positive tuberculin reactions already 3 
months after vaccination. The subcutaneous method was still han- 
dicapped by the production of 30 percent suppurating abscesses 
in the regional lymph nodes and these healed very slowly and always 
left an unseemly scar. 

Wallgren (5) tried to mitigate this handicap by injecting infants 
intracutancouslg Avith 0.01 — 0.05 mg BCG. With this decidedly 
improved technique he obtained 93 percent positive tuberculin 
reactions in 6 — 7 weeks after vaccination and almost always after 
16 weeks. However, it necessitated re-vaccination of 23 percent 
of the infants and some of these several times. In the hands of 
Wallgren, the intracutaneous injection produced only occasionally 
local necrotic lesions inasmuch as he practised extreme caie in 
getting the vaccine into the uppermost epidermal layers. However, 
other physicians have been less successful in this respect. In one of 
the completest investigations of the intracutaneous BCG vaccina- 
tion on infants and children, Kereszturi, Rosenberg and Park (6) 
made use of 0.03 — 0.3 mg. BCG. Tliese workers reported the 
occurrence of 88 percent necrotizing local lesions and 25 percent of 
suppurating abscesses in the regional lymph nodes. In spite of 
these severe reactions, they obtained only 87 percent positive tuber- 
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PKOTECTIVE VAhVB OF 

TlieV boldly state that in order to obtain 100 
it ™uld be necessary to produce suppurating 

'^Tsupervisor of the BCG laboratory, financcd by the Nor- 
r Plan National Tuberculosis Association, winch distributes the 
vaccine to the entire country, Birldiaug (7) has collated the return- 
ed fincomplete) reports of persons vaccinated mtracutaneouslj with 
OW -005 mg BCG during 1938-1941. He finds 86.4 percent 
of 652 persons vaccinated in 1938 became tuberculin positive 
approximately 3 months after vaccination; 89 percent of 603 
persons vaccinated in 1939; 79.6 percent of 864 persons in 1910; 
^5 percent of 4544 persons in 1941 and 90.8 percent of 62o6 
persons vaccinated in 1942. During this period the reporte .show 
that suppurating abscesses varied between 23.6 percent in 1939 
and 10,4 percent in 1942. 

At the Municipal Tuberculosis Polyclinic at Oslo, Dahl (8) vac- 
cinated 525 persons intracutancously with 0.05—0.15 mg BCG in 
1939 and obtained 95 pcrcentpositivc tuberculin reactions (l^irciuet). 
It should be mentioned that an induration measuring 2 nun in 
diameter 2 days later was considered as a positive lest by Dahl 
while the National BCG Committee requires a minimum infiltra- 
tion of 4 mm as a positive Pirquet test and 10 mm infiltration as a 
positive Mantoux test with 1 mg old tuberculin. Tliis low limit must 
account for the high percentage of positive tuberculin tests onlaincd 
by Dahl, In regards to the frequency of suppurating abscesses, 
he writes (author’s translation): »Tlie blemishing abscesses in the 
vaccinated area was a most annoying complication during the early 
use of the intracutaneous vaccination method. But by. culling 
down the dose of vaccine from 0.10—0.15 mg to 0.05 mg BCG, ti\c 
frequency of these abscesses was reduced from 39 to 6 percent.# 
In defending the intracutaneous versus the percutaneous BCG vac- 
cination tnethods, he writes (author’s translation): ulnasntuch as 
we mostly undertake mass-vaccination, it is essential to make 
use of a method which is effective and inolfensive, but also the least 
twe-consuming. The prick Nvith the needle and the burning pain 
cause y the mjection, arc not great inconveniences. But even 

eiLr'^w'm annoying than the pain inflicted by 

™ Rosentlial’s multiple puntture 

e 0 s. However, both these percutaneous methods require more 
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Courmoiit and Lesieur’s observations stimulated other physicians 
to utilize the percutaneous route in attempts to prevent or to treat 
various forms of tuberculous disease. Cornell (17) claimed that 
inoculation with lupus built up an effective resistance against the 
disease. Maragliano (18) repeated this experiment on children 
by scarifying the arm through drops of heat-killed tubercle bacilli 
suspended in glycerine. Petruschky (19) maintained that good 
therapeutic results were obtained by rubbing an ointment of killed 
tubercle -bacilli into the skin in tuberculous patients. In a similar 
attempt, Moro (20) tried to facilitate the percutaneous absorption 
of the specific immunizing elements by adding a keratolytic.sub- 
stane to a tuberculin-salve containing equal parts of heat-killed 
bovine and human tubercle bacilli. More recently, Kutschera von 
Aichbergen (21) essayed the more drastic therapeutic measure of 
rubbing virulent tubercle bacilli into the scarified skin in patients 
suffering with pulmonary tuberculosis. For that very purpose, 
Coulaud and Mile Lecuyer (22) used inunctions with heat-killed 
tubercle bacilli. 

Decades before the above-mentioned experimental investiga- 
tions, clinicians had made important observations on the role played 
by the skin in the production of anti-tuberculosis immunity. Al- 
ready in 1886, Marfan (23) had formulated the law which bears his 
name, namely that; the healing of scrofula having taken place be- 
fore the age of 15 years, confers a relative immunity against pul- 
monary tuberculosis. His classical words are as follows: »5i on 
examine des aduUes porteurs de cicatrices d’ecroucUcs, parmi ceux 
doni les adenites ont complclemenl gucri avanl Vdge de quinze ans, on 
n’en trouve presque aucun qui soil alicinl d’une tuberculose pulmo- 
naire evolutive (guere plus de 1 sur 100). D’ autre part, si on e.vamine 
des sujets alteints de phtisie pulmonaire en activiie, on en trouve 
fort pcu qui presenteni des cicatrices d’ecrouelles completement queries 
avant Vdge de quinze ans (a peine 1 sur 100). Ce qui est vrai pour les 
ecrouelles Vest aussi pour les autrcs affections scrofuleuses qui ont 
gueri avant quinze ans, d un degre un pcu moindre toutefois.i> Marfan 
points out furthermore that lupus patients very rarely are affected 
by pulmonary tuberculosis. These basic facts are today universally 
recognized. 

The relative anti-tuberculosis immunity against attacks of pul- 
monary tuberculosis, which obtains in lupous and scrofulous pati- 



protective value of the intracutaneous and etc, 


281 


ents, makes Ponndorf and others (24) hypothesize that this immu- 
nity is produced because most of -the manifestations of these dis- 
eases are referable to the sldn. This supposition is succinctly ^vorded 
' by Marfan (25); »D'apres eux, la defense aniUubercuIeuse de I orga- 
nisme seraii surtout devalue au iegumeni externe: e'esi dans les cellules 
basales de Vepiderme que s' elaboreraieni les substances antiiuberculeu- 
ses, mats elles ne les produiraient que lorsqu'elles sonl en contact 
avec une lesion tuberculeuse. Un foyer bacillaire ne serait vaccinant 
que s'il est en contact avec la peauj> Whatever truth is contained in 
this supposition, it must needs remain only a partial truth since it is 
well kno\vn that animals as well as man can be rendered allergic 
by non-tegumentous tuberculous infection. Nevertheless, they 
possess an undeniable antituberculous resistance without having 
at any time disclosed cutaneous manifestations of tuberculosis. 

These examples of the ease with which tubercle hacUVi can pass 
through the skin and produce disease and subsequently a consi- 
derable degree of anti-tuberculous resistance, should m.ake better 
prototypes for Rosenthal's percutaneous m.ultiple puncture BCG 
vaccination method than those references cited by him (12, 13, 14) 
in support of his unusually promising contribution to tuberculosis 
prophylaxis, 

Rosenthal’s percutaneous BCG vaccination method aims at the 
following advantages: oa) Easily applied so as to afford wide app- 
licability. b) No gross local suppuration, c) No Ij-mph-node suppu- 
ration.’) Rosenthal’s experimental work was done on 44 guinea 
pigs. He applied a drop of BCG vaccine containing 1.67 mg per cm® 
to the epilated skin on each side of the vertebral column in the 
lumbo-sacral areas. The vaccine was spread across the skin and 30 
firm tangential needle punctures were made on each side of the 


anim,al, maldng a total of 60 punctures. Tlie vaccine was allowed 
to dry m 5 minutes and no bandage was applied to the vaccinated 
areas. Rosenthal writes that »no visible gross lesions appeared 
except for scabs produced at the scarified points. No visible scars 
resulted. Tlie lymph nodes were not grossly palpable but were 
oun en arged when dissected out.)) These observations of Rosen- 
a are aulty inasmuch as typical papular lesions are produced in 
e guinea pig as well as in man, as we sliall presently describe in 
our oivn matoriai. Microscopicaliy Rosentlial lound slypical tuberc- 
les developed at the junction of the epidermis and cutis and in the 
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cutis proper. Tiie lymphatics contained a few polymorphonuclear 
leucocytes which had phagocytosed tubercle bacilli. Following 
the large single ijitracutaneous dose, the lymphatics were widely 
dilated and stuffed wdth cells and bacteria, amounting to a partial 
obstruction.* Twenty-four of the vaccinated aninmls were tested 
intracutaneously with 20 m.g old tuberculin and later with 10 mg. 
Rosenthal found that 58.3 percent became positive in 1 week, 70.6 
percent in 4 weeks, 90.9 procent in 6 weeks and 95.2 percent in 3 
months. Nine months after the percutaneous vaccination 100 
percent Avere tuberculin positive and they remained so for over 
2 years. 

In order to determine the rapidity with which the BCG vaccine 
Avas absorbed into the Ijnnphatics and thence transported centripe- 
tally, Rosenthal excised the punctured sites, including the subcuta- 
neous tissue and fat, at inler\'als fronr 5 minutes to 10 days after 
the percutaneous A’^accination. By testing these aninrals afterAvards 
AA'ith tuberculin, he ohscrA-cd that A\'hen the punctured skin Avas 
excised 2 hours after A\accination, the animal became tuberculin 
positiA^e 3 months later. But Avhen the skin Avas excised as late as 
24 hours after A'accinatio'n, the animals became tuberculin positwe 
1 Aveek later. 

Unfortunately, Rosenthal did not complete his experimental 
inA'estigation of the percutaneous BCG A'accination method by 
making protection tests for the purpose of eA'aluating the degree 
of acquired resistance toAV'ard an inoculation AA’ith Aurulent tubercle 
bacilli. Instead he transferred the study to neA\'ly-born infants at 
the Cook County Hospital in Ciiicago. On 133 infants he made 35 
tangential needle punctures on the lateral aspects of the left arm 
through a drop of BCG AA’hich noA\- contained 5 mg per cm^. Vacci- 
nation AA^as performed on the fifth to seA’^enth day of life. Again he 
makes a most inadequate description of the local reaction: »No A'i- 
sible local reaction of definitely palpable lymph nodes Avere noted. 
Pinpoint to pinhead sized scars AA^crc at times seen after three 
months.!) He attempted to control the percutaneous BCG A’^accina- 
tion Avith a simiar series of intracutaneous A’-accinations AA'itli 0.038 mg 
BCG on the left arm. • He describes that »a local nodule (5 to 
8 mm) formed after three to five AA'eeks AAdiich As'as either evacuated 
or completely absorbed. Ljunph nodes AA’’ere occasionally palpable. 
There Avas no general reaction in cither method of vaccination.* 
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Eight days after delivery, or in 


other words 1 to 3 days after vacci- 


nation, the infants were returned home wth their mothers. They 
were subsequently returned to the clinic after 3 months and next 
time after- 12 months. This accounts for the inadequate descrip- 
tions of the local reactions. During these 2 visits, the vaccinated 
children plus a group of 232 non-vaccinated infants, were tested 
intracutaneously with 0.1 mg old tuberculin 3 months after vacci- 
nation and with 0.2 mg old tuberculin 12 months after vaccination. 
Identical positive 99—100 percent reactions were obtained in both 
the vaccinated groups while only 2.2 percent of the controls reacted 
positively (active tuberculosis). The incidence of suppurating lesions 
following the intracutaneous BCG vaccination is not stated, but 
Rosenthal remarks: ))Th^ mothers were apprehensive of the sup- 
purating lesion that occurs after the single intracutaneous method 
of inoculation, but there was no systemic effect accompanying this 
lesion.» Rosenthal concludes from this not very profound study 
that »because the multiple puncture method gives equally as good 
results as a single intracutaneous injection it is felt tliat the former 
is superior because by this method there is (a) no gross local lesion, 
(b) no suppuration of lymph nodes, (c) no appreciable scar, (d) 
ease in administration and thus wider applicabilit 3 % and (e) smaller 
dose of vaccine. 

Negre and Bretey (26) after learning of Rosenthal’s work, im- 
mediately set about to determine the degree of tuberculo-resislance 
which the multiple puncture produced in the guinea pig. At the 
same time they modified Rosenthal’s technique by making 5 — 6 
scars of 1 cm length through dops of BCG containing 5 m.g per cm. 
The observed that 47 percent of the multiple puncture group and 
40 percent of the scarified group became tuberculin positive with 
5 mg old- tuberculin already .1- week after vaccination and 63 and 
78 percent respectively after 1 month. By increasing the punctures 
from 30 m 60, they obtained 85.7 percent positive reactions after 
1 month with 5 m.g old tuberculin. Tlie anim.als which had become 
tuberculin positive were now injected subcutaneously with 0.002 
mg of a highly virulent human tubercle bacillus. Both the ani- 
mals vaccinated by the multiple puncture and scarification m.cthods 
presented a very marked protracted evolution of'tuberculous lesions 
comparison with the rapidly generalized tuberculosis in the con- 
trols. They concluded that »// rmori de ccs experiences gue chez le 
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cobaye, aussi bien au point de vue dc la sensibilisalion que de la pre- 
munition, la metliode des piqures de Rosenthal el cellc des scarifications 
paraissent elre aussi cfficaces que Ics procedes de vaccination par les 
voies sous-cutanes ou intradermiquc habitucllemenl employes.^} But 
this conclusion is not based upon any sinnultaneously conducted in- 
vestigation of these 4 methods, with a subsequent quantitative 
evaluation of the degree of tuberculosis in each of these groups and 
compared with non-vaccinated controls, w'hich we shall attempt 
presently. 

In a subsequent brief study, N6gre and Bretey (27) reported 
that when guinea pigs were scarified with 6 scars of 1 cm length 
through drops containing 5 mg BCG per cm® 10 percent became 
tuberculine positive in 4 — 5 days and 90 percent in 20 days. When 
these vaccinated animals were injected subcutaneously with 0.001 
mg highly virulent human tubercle bacilli, they found that their 
anti-tuberculosis resistance manifested itself already on the ninth 
day after vaccination. On the nineteenth day their resistance prov- 
ed comparable with that usually observed 30 — 45 days after the 
intracutaneous vaccination. Tliey hastened to conclude that: »J1 
est done permis d’esperer que si cetle metliode est appliquec d I’cnfant, 
elle aura entre autres avanlages cclui de reduire d’une fagon appre- 
ciable la duree de son isolemcnl apres la vaccination par Ic BCG.» 

Weill-Halle (28) who had innovated the subcutaneous BCG . 
vaccination in infants in 1924 and regretted its high frequency of 
suppurating lesions, made immediate use of the percutaneous 
method on 40 infants. Finding the Rosenthal multiple puncture 
»talouage un peu peniblc», he made use of the scarification method 
of Negro and Bretey. Tlirough drops of BCG (5 mg per cm®) he 
made 2 — 3 crosses of 1 — 2 cm lengths on the lateral aspects of the 
arm. The scars were covered with gauze moistened with BCG and 
this was again covered with a rubber pad. This bandage v'as re- 
moved two hours later. A slight infiltration appeared in the scars 
in the course of 15 — ^20 days and accelerated positive tuberculin 
reactions took place as described by Negre and Bretey. It was 
necessary, however, to revaccinate 30 times before all these child- 
ren became tuberculin positive. 

After having visited Rosenthal at the Cook County Hospital 
'in Chicago in September 1939, to' learn the multiple puncture tech- 
nique, Birkhaug (29) repeated Rosenthal’s experimental work and 
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extended this in a series of 48 guinea pigs. He made use of 40 tan- 
- oential punctures on each side of the vertebral column m the epi- 
lated lumbo-sacral areas through an emulsion containing^ 5 mg 
BCG per cm^. Instead of making the multiple punctures with one 
single needle as Rosenthal and N^gre and Bretey have done. 
Birkhaug improvised an apparatus in tlie shape of a rake bearing 
gramophone needles with 3 mm interspace. The 40 punctures could 
thus be made rapidly with 5 downward strokes into the epidermis, 
leaving 3 — 4 mm space between each line of 8 punctures, llie 
vaccine was allowed to dry in 5 minutes while the skin was held 
stretched. No bandage was applied to the vaccinated area. Three 
days later, he observed tiny red papules measuring in width 0.5—1 
mm. In 1 AVeek the papules measured 2 — 3 mm in diameter and 
their center was elevated 1—2 mm. In 3 iveeks the redness had 
deepened and the undcrljdng skin presented a palpable infiltration 
of approximately 5 mm thickness when thc.skin was folded together. 
Forty days after vaccination desquamation was in full progress 
and in some animals already completed. Tiiercaf ler, the skin became 
supple, flatj slightly rough and pigmented a delicate brawny 
colour in the punctured sites. The skin remained thickened 3 — ^1 
months after vaccination and the axillary lympli nodes which 
showed regularly a palpable hjqiertrophy 1 month after vaccina- 
tion remained definitely enlarged up till 5—0 months after vacci- 
nation. The inguinal lympli nodes were on the other hand irre- 
gularly hypertrophied. The Mantoux test with 10 mg old tuber- 
culin became positive (10 mm or more infiltration after .18 hours) 
in 58.3 percent in 1 week, 06.7 percent in 2 weeks, 83.3 l)ercent in 
3 weeks and in 100 percent in 4 weeks and until 14 months after 
vaccination when it began to Avanc. 

Birkhaug determined the rate of dispersion of BCG from the 
punctures by excising the skin with its adjoining subcutaneous 
tissue and fat at intervals from 30 minutes to 20 days aflci- vacchia- 
tion and by testing the animals Avilh 10 mg old tuberculin. He 
found that sufficient BCG had passed beyond the excised skin area 
Avithm 2 hours after vaccination to render the.- animal tul,erculin 
positive 4 months later. If excision was postponed until 24 hours 
after vaccination, the animal became allergic in 2-3 Aveeks If 
until 4S hours, Iho animal became invariahly , 
pos.t.ve I rvcelc later. These findings confirm in the 
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reported by Negre and Bretey. The excised skin showed micro- 
scopically a moderate invasion of polymorphonuclear leucocytes 
and histiocytes into the papillary layer about 6 hours after vacci* 
nation as w^ell as antive phagocytosis in the various layers down 
to cutis proper. Within 10 days typical tubercles with numerous 
Langhans giant cells had formed in the papillary and reticular layers 
and after 20 days small nodules had formed which manifested no 
tendency to necrosis nor suppuration. Subsequent sections showed 
rapid resorption and connective tissue infiltration, scattered among 
which appeared nests of epithelioid cells and occasional giant cells. 
The same histopathological picture prevailed in the axillary, ingui- 
nal, periportal, retro-renal and tracheo-bronchial lymph nodes, 
with occasional acid-fast bacilli as late as 6 months after vaccina- 
tion. 

In order to determine the degree of tuberculo-resistance pro- 
duced by the multiple puncture vaccination, Birkliaug superin- 
fected 12 tuberculin positive guinea pigs with 0.001 mg of a highly 
virulent human tubercle bacillus simultaneously with 12 non- 
vaccinated guinea pigs. Eight w^eeks later all these animals w^ere 
killed and their tuberculous lesions were compared quantitatively 
according to the w^eight and volume of various organs and lymph 
nodes. The control animals presented advanced caseo-necrotic 
lesions in the inoculated left thigh and adjacent lymph nodes, 
numerous tubercles in the spleen and marked hypertrophy of this 
organ, and scattered tubercles in the liver and the lungs. Tlie vac- 
cinated animals presented a small infiltrated area in the inoculated 
left thigh without any abscess, slightly enlarged adjacent lymph 
nodes and no macroscopic lesions in the internal organs or lymph 
nodes. 

In another group of 12 guinea pigs immunized by the multiple 
puncture method, Birkhaug attempted to determine the approxi- 
mate time after vaccination when the acquired tuberculo-resistance 
became effective against a virulent superinfection. For this pur- 
pose he injected these vaccinated animals subcutaneously in the 
left thigh with 0.001 mg of a highly virulent human tubercle bacil- 
lus. One animal was thus injected on each of the following days 
after vaccination: 3, 6, 9, 12, 15, 18, 21, 25, 27, 30, 40 and 50. A 
similar group of guinea pigs which had received no vaccine, was 
injected in the same order with 0.001 mg of the same virulent orga- 
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iiisjn. Thus we have two comparable animals for every time inter- 
val; one immunized and one control. Each pair of animals was killed 
exactly 8 weeks after the virulent inoculation. The autopsy mate- 
rial, which was submitted to a careful quantitative analysis, rev- 
ealed that no protective immunity was produced 9 days after the 
percutaneous' vaccination, that a moderate immunity had deve- 
loped 18 days after vaccination and that an effective resistance 
had been produced 21 days after vaccination. After this date, no 
macroscopic tuberculous lesions occurred in the internal organs 
and the virulent superinfection was sharply delimited to hyper- 
trophied lymph nodes adjacent to the inoculated area in the left 
thigh. These findings were also a confirmation of the study by 
Negre and Bretey. 


, Birkhaug was now encouraged to transfer- the multiple puncture 
BCG vaccination to man. A group of 246 adults and 38 children 
were given 40 punctures with the above-mentioned 8-needlcd an- 
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ally, the axillary lymph nodes on the vaccinated side were tender, 
and palpably enlarged. No complaints of any general, indisposi- 
tion were made on account of the vaccination. When occasionally 
an allergic individual was vaccinated by mistake or during the 
pre-allergic phase of an incipient hililm adenitis or. pulmonary, 
tuberculosis, we observed already the following two-three days 
intensely red and markedly elevated 3—5 mm wide papuleS-which 
rapidly became confluent to produce an inflamed and indurated' 
area which measured in excess of 30 x 50 mm. The papules inva- 
riably pustulated in the centre within 10 — 16 days after vaccina- 
tion, forming concave centers which healed by cicatrization. Usually 
these sites left pock-marks with ochre-pigmented centers. The 
axillary lymph nodes on the vaccinated side became invariably 
tender and markedly hypertrophied. The whole arm felt malaised 
and the constitutional symptoms of intoxication could be marked 
at the height of suppuration. The simultaneous occurrence of 
erythema nodosum in two adult individuals might have been 
provoked by the multiple punctme vaccination of allergic indi- 
viduals. Needless to state that caution should be exercised in not 
admitting tuberculin positive individuals to BCG vaccination. 

When the multiple puncture BCG vaccinated persons were 
tested with 1 m.g old tuberculin intracutaneously 2 weeks after 
vaccination, 93.7 percent had already become tuberculin positive 
(10 X 10 mm infiltration or more in 48 hours). Four weeks after 
a successful multiple puncture vaccination (visible papules) all 
the vaccinated persons had become tuberculin positive. The tuber- 
culin reaction with 1 mg old tuberculin continued to remain positive 
for 1 year and more. But inasmuch as no isolation were practised 
on the vaccinated persons, one cannot presuppose that the positive 
tuberculin reactions were wholly due to the percutaneous BCG 
vaccination. The results of our first multiple puncture vaccina- 
tions' were so encouraging during 1939 — 1940 that all the Subse- 
quent BCG vaccination in Bergen Avere made with this method and 
shall be discussed presently. 

This cursory review of the BCG vaccination methods practised 
since 1921 have made it clear that the Rosenthal percutaneous 
BCG method commends itself as the anti-tuberculosis vaccination 
method par excellence. Its double advantage is that it caters to the 
public demand for a painless and non-blemishing mode of vaccina- 
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fmn and it satisfies the requirements of the research-worker and 
tj^e jiygienist of a relatively effective and widely applicable method, 

for nreventing tuberculous disease. 

The following comparative investigation of the mtracutaneouss 
scarification and multiple puncture BCG vaccination methods is 
undertaken at the urgent request of the Norwegian Physicians 
Tuberculosis Association’s general assembly at Oslo in 1940. 


Intracutaneous, scarification, and multiple puncture 
immunization with BCG. 

Experimcnlal data. 

Animals. — Forty-eight normal albino guinea pigs, which failed 
to react with 10 mg old tuberculin injected intracutaneously, 
were divided into 4 equal groups, eacii group containing C male 
and 6 female animals. Group I was immunized by the multiple 
puncture method, group II by the scarification method, group III 
by the intracutaneous method and group IV was not immunized, 
but retained as controls for the virulent test infection. 

Preparatory to the immunization process, the conqilclc blood 
picture, with differential counts, was done on all the animals on 3 
occasions witli weekly intervals. The blood-work was continued 
with hi-weeldy inteiwals throughout the entire experiment. The 
haematological findings will he published separately. 

Chart I reveals that the average body Weight for each group of 
animals was nearly identical when the experiment began and 
varied between 454 and 485 gms. 

The animals were kept in groups of 6, of tlie same sex, in metal 
cages (46 x 46 x 35 cm) having closed sides and topped with a 
metaUramd wire-lid with 3 x 3 cm wide meshes. Tlic daily diet 
consisted of approximately 50 gms turnips, 75 gms hay, and 20 gms 
browTi bread. Oats were not available and the brown bread was of 
inferior war quality, A glass pipette, placed through the lid, dcli- 
vered water from an inverted bottle. Thrice weekly, cod-liver oil 
and »yitakalk>> were strewn on the slice of bread. The tempera- 
ture of Oie animal house varied constantly between 15-18° C and 
ventillation was maintained by an electric suction fan. Inter- 
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current infection wns ;il)se)it from the nnimni Iioiise during’ the 
entire period of this experiment. 

Jmnnmizalion. —The aniimds in f,'rou])s I, II and III ahoul to 
he immunized were epilated in tlie rij’Iit lumho-.sacral area with a 
paste made up of equal ])arts of l)ariiim sulphite and wlieat flour 
mixed with water. 'I’lte shin was afterwards thoroughly washed 
witli lukewarm water. Vaccination took place the following day. 
The BCG vaccine (B — M2) was freshly pre])ared from a 3 weeks 
old Saulon culture film and was made to contain 20 mg BCG per 
ml for the multiple puncture and scjirification methods, and 0.5 
mg per ml for the intraculaneous injection, 'lliese are identical 
with the concentrations of BCG cmjdoyed on man. 

'file miilliplc ptinrhirr grou]) of animals was vaccinated as 
follows: The animal was held tightly; the ejiilated skin was wa.shed 
with 70 percent ethyl hydrate and then willi ether. A few drops of 
the 20 mg BCG emulsion were s])read evenly over the defatted skin 
area with a long needle. Our 8-needled apparatus was now pre.ssed 
tangentially against the skin and lifted vertically with swift up- 
ward movement. 'Hie ej)idermis was thus torn oj)en where the 8 
needles had attached themselves to Die .skin. 'I'his jiroce.ss was 
repeated until 5 lines had been made willi a total of >10 punctures. 
.•Vn interspace of 3 — 1 mni was allowed between each line. A few 
drojis of the same BCG emulsion were sjiread over the punctured 
sites and a sterile tissue paper covered this area in order to retain 
the mci-slure in aj)j)roximately 5 minutes. During this time the .skin 
was stretched slightly in order to facilitate further penetration of 
the BCG vaccine. I'ivc minutes later the jiajicr was removed and 
no extra bandage was apjilied to the vaccinated area. 

'I'lie scarified grouj) of animals was jirepared in the same manner 
except that 5 lines of ajjproximatcly >1 cm’s length and 3 — 5 cm 
apart were, made with a vaccination lancet pressed hard against the 
.skin, in the manner of the Pirquet tuberculin test. 

The intraculaneous group of animals was injected with 0.1 ml 
of the BCG emulsion containing 0.5 mg per ml. 'Hie injection was 
made in the iipperm.ost layer of the ejiidcrm.is so as to form an 
elevated papule in the middle of the epilated area. 

Vaccination reactions. — Already 3 — 5 days after the jicrcuta- 
ncous vaccinations, 1.0 to 1.5 mm wide red points or streaks were 
visible. During the following week the inflammatory reactions 






Flmro 1. Showine Ulc suliorClcinl aliscess in Uic inlraciilnncoiuly BCG vacci- 
Haled guinea pig 3 weeks after vaccinalion. 

increased until the papules or scars measured 2—1 mtn in widtli 
and 1—2 mm in licight and the skin ])ccamc palpably indurated. 
The axillary glands on the vaccinated side became slightly en- 
larged while the adjacent inguinal glands were not abnormally 
disturbed. Approximately 3 weeks after the percutaneous vacci- 
nation, the inflammatory reaction began to fade in the scarified 
animals while it persisted in the punctured animals. During the 
fourth week the healing processes were in full development and 
desquamation followed with the shedding of the crust. No suppu- 
ration took place in any of the pcrcutaneously vaccinated animals. 
The underlying tissue remained considerably thickened and the 
adjoining axillary glands were further enlarged to pea-size, e.spe- 
cially in the multiple puncture group while the inguinal glands 
had also palpably enlarged. Complete resorption and healing of the 
papules and scars occurred approximately 40 days after vaccina- 
tion. At this time the skin had again become supple, although 
slightly roughened. A tawny pigmentation and slight depression 
indicated the vaccination sites. The axillary glands continued to 
remain palpably enlarged and firm, as long as 3 to 5 montlis after 
vaccination while the inguinal glands had become reduced to nor- 
mal size. The inflammatory reactions and the lymph nodes hyper- 
trophy seemed definitely more intense in the multiple puncture 
group than in the scarification group. Figures 2 and 3 show the 
scars and punctures 3 weeks after vaccination. 
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Figure 2. Showing the scarified area 3 weeks after vaccination. 





Figure 3. Showing the multiple puncture papules 3 weeks after vaccination. 

The ijitracutaneously injected site became inflamed and ele- 
vated during the second week after vaccination and the ensuing 
cold abscess invariably perforated during the third and fourth 
week. Healing followed rapidly and the vaccination site presented 
a palpably infiltrated area having a concave center. The axillary 
glands were decidedly more hypertrophied during the fifth week 
than were the inguinal glands on the vaccinated side and the per- 
sistence of the glandular hypertrophy followed the same course 
as that described for the percutaneously vaccinated animals. 
Figure 1 shows the intracutaneous vaccination site 3 weeks after 
vaccination. 
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Post-vaccination tuberculin reactions. The tuberculin tests 
were ahvays made with.lO. mg old. tuberculin injected intracuta- 
neously; The reading was made 48 hours afterwards and our mini- 
mum requirement for; a positive reaction was an induration mea- 
suring crosswise 10 mm and vyhen the skin was folded upon itse 
4 mm. Half of this thickness multiplied by the 2 diagonal diame- 
ters of the indurated area should give us the approximate volume 
of the indurated area, namely 2 X 10 X 10 = 200mm«. It is regret- 
able that most experimental workers fail to state the actual measure- 
ments of the indurated area. Even as we demand definite measure- 
ments for a positive reaction in man, the same procedure should 
hold good for the experimental animal in order tliat one worlmr 
may compare his results with those of another. We liave likewise 
assessed the approximate area of central necrosis within the tuber- 
culin reaction by multiplying tvvo diagonal measures with one 
another. Table 1 presents the data on the tuberculin reactions 
obtained during the third, sixth and eighth post-vaccination weeks 
in the .3 vaccinated groups of animals. 


Table 1. 

Tuberculin reactions nulh JO mj luberculin. 


Post- • 

Multiple Puncture 

Scarification 

Intracutaneous 

vaccina- 

tion 

weeks 

0/ 

/o 

Inclura- 
■ tion 
(mm®) 

Centra] 

necrosis 

(mm®) 

O' 

/o 

Indura- 

tion 

(mm®) 

Centra] 

necrosir 

(mm=) 

% 


Central 

necrosis 

(mm®) 

3 


640 

15.8 

75 

354 

5.8 

69 

450 

2.5 

6 

100 

784 

24.6 

83 

392 

6.8 

92 

587 

7.4 

8 

100 

824 

44.2 

100 

592 

16,2 

100 

645 

19.2 


These figures reveal that the multiple puncture metliod pro- 
duced the most rapid and intense, tuberculin reactions, that the 
intracutaneous method held a close second while the scarification 
method lagged sliglitly beliind. 

Now that all the vaccinated animals liad become allergic, we 
were ready to test their relative degree of acquired tuberculo-resis- 
tance by injecting them vath a dose of virulent tubercle bacilli. 

Virulent inoculation. — Fifty-eight days after the intracutane- 
ous and percutaneous BGG vaccination, all the 36 immunized ani- 
Inals, plus 12 uon-vaccinated control guinea pigs, were inoculated 
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intraperitoneally with G.000.1 mg of a highly virulent strain of 
human tubercle bacilli ()>Tuxen»). This strain had been passed 
repeatedly through guinea pigs in orde;p to sustain its virulence 
and the inoculating dose was prepared from, a Lowenstein 4 weeks 
old culture of a guinea pig spleen. The inoculating dose was seeded 
out on a series of Lowenstein tubes Avhich in the course of 10 weeks 
gave rise to 1283 eugonic colonies. We may infer therefore that 
each animal received approximately 1300 viable human tubercle 
bacilli. 

We decided to make use of the intraperitoneal route in order 
to prevent the invariable suppurating lesion which results from the 
subcutaneous inoculation in the leg. Such infectious discharge 
entails a certain danger to the staff who handles' the animals during 
the bi-weekly haematological work. It should be emphasized, there- 
fore, that the intraperitoneal route of virulent infection presents 
a more immediate and greater tax on the protective mechanism 
in the vaccinated animals than does the subcutaneous inoculation 
which produces a slower progression of tuberculous lesions accord- 
ing to the law of Cohnheim. 

Post-infection tuberculin reactions. — Eight weeks after the viru- 
lent inoculation, the tuberculin test was done on all the 4 groups of 
animals with 10 mg old tuberculin. Two days later we found that 
ail the animals reacted positively. The control group presented 
an average induration which measured 2154 mm® and central 
necrosis of 312 mm®. The vaccinated groups presented less inflam- 
matory reactions than the control group. Thus the multiple punc- 
ture animals showed an average induration of 1394 mm® and cen- 
tral necrosis of 121 mm®; the scarification animals 1712 mm® indu- 
ration and 194 mm^ central necrosis; the intracutaneous animals 
1526 mm® induration and 168 mm® central necrosis. If we suppose 
that the intensity of the tuberculin reaction mirrors the succession 
of events associated with tubercle formation through the succes- 
sive stages of bacteriostasis brought about by the immunity ac- 
quired through BCG vaccination or progression because immune 
substances are lacking, then it would appear that the virulent 
infection proceeded most slowly in the multiple puncture group, 
a little less slowly in the intracutaneous group, still less in the 
scarification group and without any hindrance in the control 
group. This pre-supposition must needs await later verification. 
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Chart 1. Average weight curves of 12 animals in each of tlic vaccinated and the 
control group during the entire xperiment. 


In order not to disturb the bi-weekly baematological studies, 
it was decided henceforth not to repeat the tubreulin tests on any 
group of animals. 

Post-infection weight curves. — Chart 1 shows the average weight 
curves for the 4 groups of animals. These curves run a nearly paral- 
lel course until 1 month after the virulent infection. At this time 
the curve of the control animals begins a steadily downward course 
while those of the other 3 groups continue to rise sharply. Towards 
the end of the experiment we observe that the multiple puncture 
group leads with the highest average weight of 624 gms. The 
scarification group follows Avith 604 gms and the intracutaneous 
Avith 566 gms in contrast Avith 427 gms in the control group. 

Mortality fate. ^ — Taa^o control animals died respectively 66 
and 68 days after the virulent inoculation and presented gene- 
ralized tuberculosis. Then followed 6 deaths with generalized 
tuberculosis among the same control animals, respectiA’-ely 76 (1) 
85’ (1), 90 (2) and 102 (2) days after the virulent inoculation. Thus 
among a total of 12 control animals, 8 (66.7 percent) succumbed 
spontaneously Avith generalized tuberculosis before the experi- 
ment Avas terminated. In the scarification group 1 animal (8.3 

20— Acta med. scandinav. Vol. CXVII. 
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percent) died 101 days after the virulent inoculation and in the 
intracutaneous group 2 animals died respectively 103 and 108 days 
after the virulent inoculation (16.7 percent). All of these immuniz- 
ed animals showed various degrees of generalized tuberculosis. 
During this period, none of the multiple puncture animals had 
died. 

Macroscopic tuberculous involvement. — When 8 of the control 
animals and 3 of the immunized animals had succumbed spon- 
taneously with generalized tuberculosis, it was decided to sacrifice 
all the surviving animals between 103 and 110 days after the viru- 
lent inoculation, in order to make a quantitative assessment of the 
degree of tuberculosis in each of the 4 groups of animals. 

Table 2. 

Macroscopic Scoring of Tuberculous Involvement in the Vaccinaled and Control 

Animals. 

fAd modum S. A. Petroff and \V. Sleenkcn; J. Immunol., 1930. 19, 79). 
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Control 

12 

10 

83 

2 

17 

0 

0 

0 

0 

0 

0 

Multiple Puncture 

12 

0 

0 

0 

0 

1 

8 

3 

25 

8 

67 

Scarification 

12 

0 

0 

3 

25 

5 

42 

4 

33 

0 

0 

Intracutaneous .... 

12 

1 

8 

3 

25 

4 

33 

2 

17 

2 

17 


0 = complete protection, -f- = tuberculous lesions at site of inoculation, 
With or without lymph node involvement, willi a few tubercles in lungs and 
spleen. ++ = tubercles in 2 or 3 organs, such as spleen, liver, lungs and lymph 
nodes. + + + = generalized tuberculosis, as well as extensive active disease, 
such as tuberculous pneumonia. + + + + = fulminating and generalized tuber- 
culosis, with multiple and large infarcts in spleen and liver; multiple caver- 
nous and confluent tuberculosis in lungs, with heavy involvement of lymph 
nodes; ruptured spleen and allergic phenomena. 

As on previous occasions, we delayed autopsy until the cadaver 
had remained in the ice-chest several hours in order to allow’ the 
blood to clot. Tlius w’e obtained uniformity in the comparative 
assessment of the volume and w’eight of various organs. 

Employing the scheme of Petroff and Steenken (30) for scoring 
of macroscopic tuberculous involvement in the viscera and lymph 
nodes among the vaccinated and control animals, w’e summarized 
these findings in Table 2. 
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It Avill be seen that 83 percent on the control animals presented 
a -f + + + fulminating and generalized tuberculosis, with abscess 
in the abdominal wall through which the virulent inoculation took 
place, peritonitis, extreme fibrocaseous omental tuberculosis in 
which the omentum was rolled into a huge sausage form lying under 
the stomach and adhering to surrounding structures, multiple 
and large infarcts in the spleen and liver, multiple cavernous and 
confluent tubercles in the lungs, and heavy caseo-necrotic invol- 
vement of lymph nodes. The remaining 17 percent of the control 
animals presented a 4* "b'i' generalized tuberculosis of slightly 
less involvement in the viscera than the aforementioned. In con- 
trast Svith this extreme form of experimental tuberculosis, we 
find that 67 percent of the multiple puncture animals showed com- 
plete protection, without any macroscopic lesions whatsoever; 
25 percent presented a + tuberculosis in lymph nodes and an occa- 
sional tubercle in the spleen or lungs. The remaining 8 percent of 
the multiple puncture animals presented a -f + tuberculous invol- 
vement in lymph nodes, the spleen, liver or lungs. Tlie remark- 
able feature in this group of protected animals was the absence of 
any lesion in the abdominal wall and normal appearance of the 
omentum, except in the one animal which presented a +-}- tuber- 
culosis; here the omentum was found adherent to the abdominal 
wall and seeded with numerous small fibrous tubercles. 

In the scarification animals none showed complete protection, 
33 percent presented tuberculous involvement in ly'mpli nodes 
and an occasional tubercle in the spleen or lungs; 42 percent show- 
ed +-f tuberculous lesions 2 or 3 organs, while only 25 percent 
presented +-1-+ generalized tuberculosis, invoKnng the abdo- 
minal wall, omentum, peritoneum, spleen, liver, lungs and lymph 
nodes. 


In the intracutaneous animals we encountered 17 percent com- 
pletely protected; 17 percent presenting + and 33 percent 
tuberculous involvement; 25 percent showed -{--f-f generalized 
tuberculosis and 8 percent presented ++++ fulminating and 
generalized tuberculosis. 

It is quite apparent from this macroscopic scoring tliot tire 
>mmu„,ty Which various modes of BCG vaccination bestow ol 
guinea p,g .s not absolute, but nevertheless of a relatively com 
siderable.degree. It is not difficult to discern that the most effec- 
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tive protection obtained in the multiple puncture vaccinated ani- 
mals and that the intracutaneously vaccinated animals reached 
a slightly higher protection than the scarification animals. 

It should be needless to state, however, that the quantitative 
approach to the assessment of differences in tuberculous hyper- 
plasia in these variously vaccinated groups of animals commends 
itself to the experimental worker rather than the less exact subjec- 
tive description of the degree of tuberculous involvement in terms 
of one or more plusses. Lord Kelvin’s remark is very apropos: 
AVlien you can measure what you are speaking about and express 
it in numbers, then you Imow something about it. But when you 
cannot measure it, nor express it in numbers, then your knowledge 
is of a meagre and unsatisfactor}’- kind.)> 


Quantitative assessment of tuberculous hyperplasia. 

The most exact method for determining the tuberculous hyper- 
plastic changes which have taken place in viscera or lymph nodes, 
is by the water displacement apparati described by us in 1940 (31). 
Tlie smallest of these apparati is calibrated down to 0.001 ml. The 
data in Tables 3 and 4 are collected by means of these apparati. 
Tlie weight of the spleen, liver, lungs and pooled (total) lymph 
nodes is Imown to varj’- according to the animal’s body weight. We 
have therefore converted these weights in Table 4 into the more 
exact percent of the animal’s body weight. The completed data 
are submitted to statistical analysis according to Fisher’s (32) 
method for comparison of two comparable means (x and y)- 

In the present investigation we have chosen to reject as insigni- 
ficant any mean value of P (probability) which is more than 0.01. 
'The symbol P ^ 0.01 signifies, therefore, that the observed mean 
deviations bearing this or smaller values must be considered to 
have absolute statistical significance and cannot have occurred by 
chance alone (33). In Fisher’s 1938 tables for distribution of t (quoti- 
ent expressing the deviation as a multiple of its probable error), 
we find that a P ^ 0.01 requires that t ^ 2.819 when each group 
contains 12 animals or samples. Every difference having absolute 
significance is italicised in Tables 3 and 4. »Sigma)> or the standard 
deviation (square root of the arithmetic mean of the squares of 
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the deviations from the average) will enable the reader to follow 
the actual dispersion from the average within the group. 

Volume of lymph nodes. — The volumetric data on 16 different 
sets of lymph nodes and also on the omentum are presented in 
Table 3. At the extreme right we have placed the statistical analysis 
of these data in terms of the quotient of probable error (t) and 
degree of significance (P). A glance at Chart 2, in which we have 
drawn the average volume of the left and right superior inguinal, 
femoral and tracheo-bronchial lymph nodes as well as the peri- 
portal lymph node, makes at once clear that the smallest nodular 
h>T)ertrophy has taken place in the multiple puncture immunized 
group; that the hypertrophy is decidedly greater in the lymph 
nodes taken from the intracutaneously immunized group and that 
those from the scarified group of immunized animals are slightly 
more hypertrophied than the nodes from the intracutaneous group. 
And yet, with the exception of the periportal node, the nodes 
from the control group are approximately twice the size of those 
taken from the intracutaneous and scarification groups. The 
protection offered by the BCG-vaccination is therefore remarkably ' 
high, but varies according to the mode of vaccination. The same 
IS true for the data on the omentum, the organ which bears the 
immediate brunt of the intraperitoneal inoculation with virulent 
tubercle bacilli and where surviving organisms are quickly segre- 
gated by the rapid formation of tubercles. Tlie omentum reflects 
the relative degree of immunity which each vaccinated group 
possesses. Thus, we observe that while the omentum from the 
multiple puncture group measures 0.89 ml, it measures 2.47 ml in 
the scarification group and 2.69 ml in the intracutaneous group 
and approximately 3 times as much (7.43 ml) in the control group. 
Without going into details about the differences in average 
volumes of the lymph nodes and the omentum in the 4 group of 
animals, let it suffice that the differences in volumes of lymph 
nodes and the omentum in the multiple puncture and control 
groups (I vs rV) gave 100 percent significant results in favour of 
le multiple puncture method of immunization, 83 percent when 
he intracutaneous and control groups (fllvs IV) were compared 

nd 53 percent when the scarification and control groups (II vs IV) 
were compared. ' ^ ^ t 



Table 3. 

Tuberculous Hyperplasia in Lymph Gtands and in the Omentum. 

Statistical analyses of volume (in ml) of lymph fflands from vaccinated and control animals (12 animals in each group). 


300 


KONRAD BIRKHAUG- 


V V V V V V V V. . . V V V V V V 


> 0, 


> Cl- 


C^CaC^COCOT-iCilOrHCOOOCOr^oCO 
cooooc3'^'^oot^oooio-:r*oco-cvio o 
T-*0€Dr^occ»oo»/5r^'^*cir«-C5oco oo 

’*^’^COCOCO'^iO'^c4tHc4t?i:5cO CO-*^ IQ 

^Ci O<2sOOrHOOOCO^<5><S^Q> 
^^*'o^oooo'ooo^‘5>^c>q> 


V V V 


V V V V V V 


COmoOOOt^t^OOCOCOOOO'^’^r-t 
coTrT^comoT}<iocio*^coooovooo eo 
comcoiO'^’rHiC'^ocoot^oor^^ o 
cococ4coc4c4f-^c4THTHOcoT?coc4^ \6 

^ C) <2i ^ Q> ^ cJ * ^ 

VVVVVVVVVVVVVVVV V 


OC^C^'r-(OvHlOOCOOO'^lf5lf5i-<C^ ^ 
0'^i>oor:<vHi>iocic^'^cQi>r-(coc5 \n 
oor^ooi>iqTHr^C5t^*^'^co^oo th 
-^ICIOCOCO*^OOOIOTJCOIOCOCDCOW. o 


> I 





m 


o 


o 



o 

O 


ca 

o 

CO 




■rH 

00 

00 

th 

y-i 



c^a 

tH 




CO 

o 

lO 

d 

o 

o 

o 

o 

O 

O 

O 

TH 

th 

o 

o 

o 

o 

ca 

CO 


oooor^oioiomc^ocootHcoc^ 

oc^r^i>'*^oc^cococ^oiocoocaco 

OOrHt-iOOOOCOCOOOOOiOiO 



CO 

CO 

o 

tH 

CO 


o 

lO 

CO 


o 

CD 

o 

ID 

O 

O 

o 

o 

CO 

CO 

o 

o 

tH 

th 

o 

I> 

ox 

tH 

TH 

tH 

tH 

o 



--}4 

o 

iM 


00 

o 

CO 

rH 

ca 

o 

CO 

CO 

CO 

cq 

o 

o 

o 


CO 

o 

o 

C4 

ox 

CO 

i> 

CO 

tH 

tH 

tH 

CO 

CO 


CO OOOt-^CiCOOOCOO'HCOCOOOCO 

O i005i-«OC0OCSTHrpi0C0i0r'00 

O OOOOOOt-JthOOOOt^tH 

oooooooooooooooo 


^iHc<ioc<iTHiC'^cvioc5aai>oooo 

OOt-KtHOOOOC^OJOOOO^CO 

oooooooooooooooo 


ffi 1-1 PC 




^ 2 £ i 

■3 .« 


h 1 tf 

13 ^ 

« 


o > «> S 

C3 t-i *5 

fc, ty ^ 

H U < 


Efficiencies in percent 100 % 

































Chart 2. Averafe'c volumes (ml) of If. and rt. superior inguinal, femoral, Iracheo- 
broncliial and the periportal lymph nodes in the v.accinalcd and control groups 

of animals. 


Volume and weights of spleen, liver, lungs and lymph nodes. — 
Table 4 presents the data on the tuberculous h^’perplasia in the 
viscera and lymph nodes in terms of grammes, ml, and percent of 
body weight. These data arc summarized graphically in Chart 3. 
Again we observe the very relationships of protection in tlie 3 
immunized groups as we saw in Chart 2 for the volumetric data 
on Ij’mph nodes: the multiple puncture group presents the least 
hypertrophy as measured by volume, weight and percent of body 
weight; the scarification and intracutaneous gi'oups approximate 
each other in all these 3 forms of measurements, while the control 
measures are excessively greater tlian any within the immunized 
groups. These strildng immunizing effects of the 3 methods of BCG 
vaccination are reflected in the 100 percent significant deviations 
in every one of the immunized groups from the measurements in 
the control group. 

If we should venture to fine-comb the quotients of probable 
error (t), in order to discern any superiority of significant devia- 
tions among the 3 groups of immunized animals, we would find 
that the average t is 6.540 when the multiple puncture deviations 
are compared with those in the control group (I vs IV); that it is 
5.015 when the intracutaneous and control group deviations arc 


Table 4. 

Tuberculous Hyperplasia in Spleen, Liver, Lungs, and Tolal Lymph Nodes. 

Statistical analyses of their weights, volumes and weights expressed in percent of the animals’s body weight (12 animals in each group). 
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Chart 3. Average weight of spleen, liver, lungs and the pooled total lymph 
nodes, expressed as percent of the nniniars body wciglit. 

.'WTT 

compared (III vs lY) and 4.682 when the scarification and control 
group deviations are compared (II vs IV). Hence, we ma}’’ infer 
that the highest immunizing effect against a Aurulent infection is 
produced in the multiple puncture group and the least protection 
produced hy the scarification method, although it la 5 ’'s only slightly 
behind the potency imparled by the intracutaneous method. But 
by and large-, it should be emphasized that an}' one of the 3 methods 
of vaccination yields deviations from the unprotected control 
group which are larger than 3 times the probable error and as such 
must be accepted to be of an undisputed statistical significance 
(32). 

In Table 5 we have attempted to discern to what degree the sig- 
nificant deviations in one vaccinated group differed from those 
in another vaccinated group in order to settle the question of the 
most effective mode of vaccination. Tims we find that vvhen the 
multiple puncture deviations are placed against those in the scari- 
fication group, the former method yields 51.9 percent significant 
deviations from the latter. Tlie same percentage figure holds 
good when the multiple puncture deviations are compared with 
the intracutaneous group deviations and again in favour of the 
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Table 5. 


A Comparative Slatislical Analysis o/ the Significanl Deviations in one Vacci- 
nated Group ptaced against those in another. 


Organs 

Multiple 

Puncture 

vs 

Scarification 

Multiple 

Puneture 

vs 

Intracutaneous 

Scarification 

vs 

Intracutaneous 

t 

P 

t 

P 

t 

P 

Knee gld. 11 

3.567 

<0.01 

2.565 


0.888 

0.40 

» » rt 

2.255 

0.03 

2.197 


0.622 

0.50 

Sup. inguin. gld. If 

2.658 

0.015 

2.249 


0.785 

0.45 

» » 1 ) rt 

2.881 

<0.01 

3.317 


0.104 

0.90 

Deep I) » It 

3.109 

<0.01 

1.346 

0.20 

2.367 

0.03 

» » » rt 

3.369 

<0.01 

2.076 

0.05 

2.'820 

<0.01 

Femoral gld. If 

2.251 

0.03 

3.631 

<0.01 

1.101 

0.30 

» » rt 

3.040 

<0.01 

3.151 

<0.01 

1.133 

0.25 

Trach. bronch. If 

5.162 

<0.001 

3.511 

<0.01 

0.802 

0.45 

» » rt 

4.163 

< 0.001 

3.739 

< 0.001 

0.058 

0.90 

Cervical gld. If 

2.237 

0.03 

3.650 

<0.01 

1.042 

0.30 

» 1 ) rt 

2.940 

<0.01 

2.734 

0.02 

0.632 

0.55 

Axilla, gld. If 

2.668 

0.015 

3.719 

<0.001 

0.204 

0.85 

i> » rt 

2.634 

0.015 

3.939 

< 0.001 

0.240 

0.80 

Periportal gld 

4.378 

<0.001 

3.374 

<0.01 

0.883 

0.40 

Mesenteric gld 

1.998 

0.06 

3.543 

<0.01 

0.651 

0.50 

Omentum 

3.307 

<0.01 

4.545 

<0.001 

0.364 

0.70 

Spleen weight 

3.430 

<0.01 

2.489 

0.03 

0.394 

0.70 

» percent 

2.783 

<0.01 

3.063 

< 0.01 

0,152 

0.90 

Liver weight 

0.134 

0.90 

0.190 

0.85 

0.063 

0.90 

» volume 

0.208 

0.85 

0.281 

0.75 

0.066 

0.90 

» percent 

0.848 

0.40 

2.006 

0.06 

1.057 

0.30 

Lungs weight 

1.173 

0.25 

0.291 

0.75 

1.040 

0.30 

» volume 

0.443 

0.65 

0.887 

0.40 

0.544 

0.60 

i> percent 

1.173 

0.25 

0.910 


0.327 

0.75 

Total glds. wt 

5.909 

<0.001 

6.010 


0.631 

0.50 

» 0 percent 


<0.001 

7.350 


0.804 

0.40 

Efficiency percent 

51.9 

51.9 

3.7 1 


former method. On the other hand, we obtain only a 3.7 percent 
^efficiency when the scarification group deviations are placed 
against those in the intracutaneous group. From this we may con- 
clude that the 2 latter methods are nearly identical in their immu- 
nizing potencies while the multiple puncture method yields results 
slightly ahead of these 2 other methods. 
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Surviving tubercle bacilli in the spleen. — It will be noted in 
Table 4 that the volume of the spleen was not determined. This 
precaution was taken in order not unduly to contaminate the spleen 
which should be. cultured for determination of viable tubercle bacilli 
in definite weights of the organ. The well-lcnown predilection of 
the guinea pig spleen for tuberculous infection made Krause (33) 
state: ))In guinea pigs . . . the spleen is undoubtedly the organ that 
is most prone to tubercle.^ 

Tlie spleen was removed, weighed and homogenized under 
strictly aseptic conditions. Adventitious bacteria were destroyed 
by the usual procedure of emulsifying the splenic tissue with 
exactly measured 3 percent NAOH, incubation for 30 minutes at 
37.5° G., centrifugalization in 30 minutes at 3500 r. p. m., decanta- 
tion of supernatant fluid and neutralization of the residue with 
exactly measured 5 percent HCl in the presence of 3 drops of sterile 
5 percent litmus. Having calculated all dilution factors, tlic resul- 
tant emulsion was diluted serially with saline until 0.5 ml con- 
tained 0.02 gm, 0.002 gm and 0.000.2 gm of the original splenic 
tissue. These amounts were delivered with Pasteur ])ipcttcs onto 
the slanted surface on 50 ml tubes of Lowenstein’s solid egg medium 
containing 0.75 percent glycerin and 0.013 percent malachite green 
dye. Tlie cotton-plugged tubes were left in horizontal position in 
the incubator until excessive liquid had evaporated when the tubes 
were sealed with rubber caps and left in the incubator for 10 weeks. 
Tlie spleens of 8 animals from each group were cultured in this 
manner. Tlie resultant eugonic colonies of the »Tuxen» strain of 
human tubercle bacilli employed for the virulent infection arc 
supposed each to represent a single tubercle bacillus from which the 
colony has developed during 10 weeks (hyiiothetical). Table G tabu- 
lates the number of colonies found in each culture. 

It will be observed that a direct relationship obtains between 
the degree of tuberculous involvement and number of viable 
tubercle bacilli found in tlie spleen. TJius we find that 0.3 liacillus 
was present in 0.002 gm of the spleen taken from 8 multijilc punc- 
ture animals; 2.5 bacilli in the same M'eight of spleen in the intra- 
cutaneous animals and 3.5 bacilli in the scarification animals while 
the control animals presented 50.1 bacilli per 0.002 gm of the 
spleen, Tliis crucial proof of effective bacleriostasis in every one 
of the BGG immunized groups of animals confirms in large tlie 
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Table 6. 

Bacterial Cultures of Homogenized Spleen from Vaccinated and Control Animals. 


Animals 


Group 


Colonies of tubercle bacilli in follow- 
Degree of ing weights of homogenizeii spleen 

tbc. ^ 

0.02 gm. 0.002 gm. 0.000.2 gm. 
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macroscopic, microscopic and quantitative observations already 
jnade on the tuberculous involvement in these 3 groups of animals 
and that the most effective bacteriostasis obtains in the group of 
animals vaccinated with the multiple puncture method. 

The fact that not all the virulent tubercle bacilli were de- 
stroyed in the BCG vaccinated animals suggests the relative cha- 
racter of the acquired immunity. Tliis agrees with our previous 
experience with iathergic (desensitized and immunized) animals. 
In this connexion it should be recalled that even in a disease such as 
vaccinia, which confers a solid immunity, the virus was concen- 
trated by cataphoresis by Olitsky and Long (34) considerable time 
after intmunitj’’ had been established. Other things being equal, 
it is most probable that the effective protection in our vaccinated 
animals would rapidly diminish when the primarj’’ BCG lesions had 
become completely resorbcd.. But by terminating the experiment 
at the time when the control and unprotected animals showed 
maximum tuberculous involvement, we were in position to deter- 
mine accurately the relative degree of protection which the 3 modes 
of BCG Vaccination had produced. The relative character of the 
experimentally acquired immunity in the guinea pig vaccinated 
with BCG obtains pari passu in man. Clinical experience has taught 
us that when the allergy produced by the BCG vaccination burns 
out in man, then his tuberculosis resistance falters and re-vaccina- 
tion is necessary. 

In a choice of vaccination method, our investigation gives 
preference to the multiple puncture method. But the all essential 
experimental fact remains, that any one of the parenteral methods 


employed in this investigation is capable of producing a significant 
tuberculo-resistance. 

IMulliplc puncture method in man, — We have already referred 
to our very first clincal results with the multiple puncture vaccina- 
tion on 246 adults and 38 children (29). Since then we have vacci- 
nated in the period December 1, 1940— December 31, 1942, with 
the 8-needIed puncture apparatus previously mentioned, 3727 
children and adults at the City Public Health Bureau’s Tuberculo- 
sis Polychnc. On infants we practised 16 punctures; on children and 
women 24 punctures and on men 40 punctures. Of these, 3126 
( .1 percent) came to control study 4 to 8 weeks after vaccina- 
tion and 3042 (97.3 percent) reacted with more than 10 x 10 mm 
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Figure 4. The automatic BCG multiple puncture apparatus. Height 12.5 cm 
and largest diameter 4.3 cm. 


induration 48 hours after the intracutaneous injection of 1 nag old 
tuberculin. Only in 118 (3.8 percent) did we observe pus in the 
naultiple papules and these healed promptly after application of 
cod-liver oil salve. Of the 2307 persons who were vaccinated by the 
multiple puncture method in the period December 1, 1940 — ^April 4, 
1942, there came to the yearly follow-up control 1285 (55.8 percent). 
When tested with 1 mg old tuberculin intracutaneously, 1188 (92.5 
percent) reacted positive. Elevated or excavated scars were notic- 
able on 34 persons (2.7 percent) and small pin-head sized white 
marks were barely visible on close inspection on 26 persons (2.0 
percent). No case of destructive tuberculous infection was found 
among this group of BCG vaccinated persons. A more detailed 
study will shortly be published on this group. 

In order to facilitate the multiple puncture technique for the 
general practitioner, we found it convenient to produce an auto- 
matic BCG multiple puncture apparatus, built on, the pistol-snap 
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Figure 5. The automatic BCG multiple puncture apparatus sllo^Ying the 40 

protruded needles. 


principle. With the cock drawn up, a plate bearing 40 needles was 
lifted into a safety-box. By pressing on a button, tbc needles were 
released wth some force and protnided from perforations in the 
bottom-plate of the apparatus. Tlie depth of the needles was 
usually 2 — 3 mm. (Figs. 4 and 5). 

The following technique has been found useful both for indi- 
vidual and mass vaccination: The skin on the lateral aspects of the 
arm is cleansed thoroughly with aether. A 4 x 4 cm stcril piece 
of very thin tissue paper or celophane is moistened on botli sides 
in the 20 mg per ml BCG vaccine in a sterile Petri dish and is plac- 
ed on the aether-cleansed skin. The.cock on the apparatus is drawm 
up, the end-plate is pressed against the paper -while the button is 
pressed which releases the needle-plate. Tlie vaccination is fi- 
nished and the arm is held tightly in order to stretch the skiji 
slightly. After 2 minutes the vaccinated person can leave without 
any bandage over the vaccinated area. By mass-vaccination, W'c 
have placed a series, of 20 — 30 papers in tile-formation in the BGG- 
emulsion, leaving a 1 — 'I mm free edge which facilitates lifting the 
paper with a forceps. Figure 0 sho-\vs a tjqiical ))take» 3 weeks after 
vaccination. (36) 


During 1943 we have vaccinated approximately 1500 persons 
v4th the automatic apparatus and have obtained 98 percent posi- 
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Figure 6. Showing the pattern of 40 papules 3 weeks after vaccination. 


tive tuberculin reactions with 1 nug old tuberculin 2 months after 
vaccination. One important fact must be borne in mind with this 
technique and that is that the paper must be thoroughly soaked 
with the 20 mg per ml BCG emulsion. One physician can easily 
vaccinate 200 persons per hour when the assisting nurses make 
the proper arrangements. We shall shortly make public our detail- 
ed experience vith the percutaneous method of BCG vaccina- 
tion. Because of difficulties with obtaining the essential metals, we 
have only been able to make a limited number of these automatic 
apparati. 


Conclusions. 

BCG vaccination performed either by the intracutaneous or the 
percutaneous (multiple puncture or scarification) methods produ- 
ces in the guinea pig a significant resistance against a virulent 
tuberculous infection. 

The multiple puncture BCG vaccination method produces the 
most potent tuberculo-resistance in the guinea pig. 

The multiple puncture BCG vaccination in nearly 5000 children 
and adults produced 98 percent positive tuberculin reactions with 
1 mg old tuberculin in two months. 

An automatic apparatus performs 40 punctures with one stroke. 
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Tlie multiple puncture BCG vaccination produces rarely local 
necrosis or permanent blemish. ' 


The author wishes to avhnowledge the invaluable technical and sta- 
tistical assistance of Dr. Halfdan Schjelderup, Miss Hennie Haaland, 
stud, med., and Mr. Sigbjorn Aamodl. . _ . 
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Komplikationen durch die Behandlung mit 
Sulfanilamidverbindungen, Verwicklungen von- 
seiten des peripheren N erven systems. 

Voii 

Dr. J. A M. J. ENNEKING, Internist, und Dr. J. J. G. PRICK, 

Neurologe. 

(Bei dcr Redaktion am 6. Oktober 1943 eingegangen). 


Die zuEehmenden Erfahrungen mit der Wirkung der Sulfanila- 
midverbindungen haben einerseits diesen neuen Cliemotlierapeu- 
tika einen Ehrenplatz unter den friiheren Medikamenten ver- 
schafft, andererseits haben sie aber aucb erkennen lassen, dass ilire 
Wirkung nicht immer unscliuldig ist. 

Wir batten Gelegenheit, einige schwere Komplikationen der 
modernen Chemotherapie naher zu studieren, insbesondere solclie, 
die sich auf die Funktionen des peripheren Nervensystems bezie- 
hen, und es erscheint uns angebracht, fiber diese Befunde im Zu- 
sammenhang mit den in der Literatur beschriebenen zu berichten. 

Nach der Einffihrung der Sulfanilamidverbindungen in die 
Therapie stellte sich alsbald heraus, dass nach Verabreichung von 
Uliron periphere Neuritiden auftreten konnen. Diese Idinischen 
Beobachtungen wurden durch die Ergebnisse experimenteller 
Untersuchungen bestatigt. So konnten Bieter u. M. periphere 
Nervenveranderungen bei Kucken feststellen, die einige Wochen 
lang Uliron enteral verabreicht erhielten (0.5—1 g pro kg Korper- 
gewicht taglich). Pathologisch-anatomisch zeigten sowohl die 
Achsenzylinder als das Myelin der peripheren Nerven ausgesprochen 
krankliafte Veranderungen, wahrend fiberdies Demyelinisation und 
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Zellzerfall im Riickenmark festgestellt warden. Ferner konnten 
Hiillstrung und Krause mit Neo-Uliron (D. B. 87) Polyneuritis 
bei Tauben hervorrufen. 

Inzwischen batte man gefunden, dass auch durcli Ultraseptyl 
(Sulfametbyltbiazol) neurologisclie Ausfallserscbeinungen entstelien 
konnten. So besclirieb in Holland Klessens eine Beobachtung, 
wobei nacli intraglutealen Einspritzungen von Ultraseptyl 
Lahmungen im Gebiet dcs Plexus lumbosacralis auftraten, walirend 
von amerikanisclier Seite darauf bingewiescn wurde, dass nach 
Verabreicliung von Ultraseptyl in 4 % der Falle Neuritiden vor- 
kommen sollen. In seiner Auseinandersetzung tiber die neue 
Chemotherapie aussert Lindeboom die Annahme, dass die CH 3 - 
Gruppe, die in Uliron und Ultraseptyl vorlianden ist, vielleiclit fur 
die Entstehung dieser Neuritiden verantwortlicli gemaclit wer- 
den muss. 

Bei den Versuchcn von Bieter stellte sicb aber beraus, dass 
aucli das Sulfathiazol, worin keine CHg-Gruppe vorkommt, im- 
stande ist bei Kiicken Erscheinungen von Polyneuritis lier\wzu- 
rufen. Audi die Beobachtung von Evans, die von Bieter mitge- 
teilt wird, beweist, dass Sulfathiazol auch beim Menschen einen 
toxischen Einfluss auf das periphere Ners^ensystem ausiiben kann. 

Schliesslich verdienen die ncurologischen Komplikationen, 
die nach Verabreicliung von Sulfapjo-idin auftreten konnen, noch 
nahere Erwahnung. 

Im Jahre 1939 berichteten Loffler, Hegglin und Maier iiber das 
Vorkommen einer Ischiadicusneuritis nach Behandlung mit Euba- 
sin, wahrend eine ahnliche klitteilung von Pliigge im Jahre 1940 
erschien. In Holland berichtete Diepen iiber 3 Falle von Ischiadicus- 
paralyse, die nach intramuskularer Verabreicliung von Solu-Dage- 
nan entstanden waren. Die Lahmung trat nur am injizierten Bein 
auf. Bei 2 der von ihm beschriebenen Falle entsvickelte sich die 
Ischiadicusneuritis nach einer einzigen Einspritzung, weshalb der 
Autor annimmt, dass ausschliesslich die intraglutaale Verabreb 
chung des Dagenan fiir die genannte Erkranlmng verantwortlicli 
gemaclit werden kann. Hierzu kaim jedoch bemerkt werden, dass 
Bieter im Tierexperiment nachweisen konnte, dass nach enteraler 
Verabreicliung von Sulfap;^Tidin bei Kiicken neurologisclie Erschei- 
nungen allgemeinerer Art (namlich eine leichte Polyneuritis) auf- 
treten konnen. 
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Unsere eigenen Erfahrungen erstrecken sich auf 8 Patienten, 
von denen 4 schwere neurologische Symptome nacli Verabreichung 
von Ultrasepty], 3 nach Amvendung von Sulfapyridin und 1 nacli 
Verabreichung von Sulfanilamid zeigten. Es folge nun die Wieder- 
c^abe der betreffenden KranJrengeschicliten: 


Fall It Pal. A, ein junger Mann von 22 Jaliren, litt von Jugend an an 
Sclimerzanfallen im linken Oberbauch, die auf einer intermittierenden 
Hydronephrose beruhten, Bei der Unlersuchung in den erslen Tagen 
des Februar 1942 wrde eine Sekundarinfekiion der Harnwege fesige- 
stelll. Pat. eriiielt die ersten 4 Tage 5 x taglicli 2 Tabletlen, die, folgenden 
3 Tage 3x2 und hierauf 2 Tage 4x2 Tablelten UllraseptyJ. Wcgen 
eines juckenden, rotfleckigen Exantbems \vurde das Medikainent abgeselzt, 
obwohl der Urin noch viel Biterzellen und sporadisch Stapiiylokokken 
enthielt. Im ganzen waren 37 g Ullrasepi 3 d in 9 Tagen eingenommen. 
Das Biut zeigte eine relative Lj^mphozylose von 44 %, andere toxiscbe 
Erschejnungen wurden nicht beobachlel. 

Eine Wocbe nach beendigter Ultraseplylkur bemerkto Pal., dass die 
Kraft in seinon beiden Fiissen abnahm. Er konnte die Zelien Aveniger gut 
bewegen und auch niclit mebr auf den Zehen stehen. Einen Tag spater 
war Pat. nicht mehr imstande die Fu.sse zu heben. Er konnte aucb nicht 
mehr gehen, well seine Fiisse nach vorn fielen. Gleiclizeitig unirdcn auch 
beide Hande schwacher, doch war die Veriinderung an den Hiinden vie! 
geringer als die an den Fiissen. Schmerzen Oder Paraesthesicn inirden 
von ihm nicht wahrgenomnien. 

Status: Bei der neurologischen Unlersucluing (Miirz 1942) wurden 
folgende Abweichungen festgestellt. Beide Fiisse, die blau ausselien und 


sich kalt anfulilen, liegen in ausgesprochener Equinovarusslellung. Die 
Streckbewegungen des Fusses und der Zehen sind beiderseits A’ollig auf- 
gehoben, wahrend Avoid noch eine geringe Beugung A'on Fuss und Zehen 
moglich ist. Das Heben des lateralen Fus.srandes ist praktiscli unmoglich. 
Die BeAVegungen im Hiift- und Kniegelonk geschelien mil geniigender 
Kraft, obAvold man den Eindruck bekomml, dass aucli diesc Kraft elwas 


gelitlen- hat. Die Gescissmuskeln Averden mil geniigender Kraft ange- 
spannt. Die peripheren Nerven sind iveder zug- nocli druckempfindlich. 
Bei der objektiven Unlersuchung Averden geringe Sensibililalsslbrungen 
im Innorvationsgebiet des N. peronaeus supcrficialis festgestellt. Die 
Kmereflexe sind in normaler Starke vorimnden, wahrend beiderseits der 
Achd essehnenreflex und der Reflex von Striimpcll felden. Ausserdom 
besteht eine auffallende Hypotonic. 

Im Laufe der Beobachtimg fallt .auf, dass sicli eine slarke Atrophic der 
Unterschenkel- und Fussmuskeln entwi.ckelt, und ZAvar am slarkslen in der 
M. tibialis anticus- und peronaeusgruppe. 

Die elektrische Untersuebung crgibl ‘beiderseits im Innervatioiisgehiet 
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Bei der Untersuchung der Arme werclen leichte rnolorisclie Slorungen 
im Innervationsgebiet des N. medianus gcfunden. Allmaldich entwickelt 
sich eine Atropine des M. abductor pollicis brevis. Sensible Veranderungen 
werden an den Armen nicbt fesigestelll. 

Zusammenfassend kann man also sagen, dass sich im Anschluss an eine 
Ultraseptylbehandlung eine sclnvere Polyneuritis entwickelt hat, wobei 
die motorischen Ausfallserscheinungen stark vorherrschen. Die Verande- 
rungen sind an den Beinen am starksten im Innervationsgebiet des N. 
peronaeus communis ausgesprochen. Sie sind an den oberen Extremitaten 
gering. 

Fall 2: Eine Beobachtung, die der soeben beschriebenen sehr ahnlich 
ist, konnten wir bei Pat. B machen, einem 38jahrigen Mann, der am 9. 
Juli 1942 auf die innere Abteilung des St. Canisius-Krankenhauses aut- 
genommen vurde. Er -war 14 Tage vorher an einer Pneumonie akut er- 
krankt, das Fieber war gefallen, jedoch kurz danach inlolge einer kompli- 
zierenden Pleuritis Avieder gestiegen. Pat. war sclnverkrank, mit hohem 
Fieber und einem doppelseitigen sanguinolenten Exsudal, in dem seg- 
mentkernige Leukozyten und keine Bakiericn gefunden AAiirden. Am 12. 
Juli AAVirden aus dem Blut haemolytische Slreptokokken geziichtet. Die 
Fliissigkeit in der linken Pleurahohle versclnvand; am 17. Juli wurden 
rechts 1200 cm® blutige Flussigkeit abgelassen, worin kulturell haemoly- 
tische Slreptokokken nachgewiesen Avurden. Vom 12. bis 17. Juli Avar Pat. 
mit Dagenan per os (32 g in 6 Tagen) und AA'egen bleibenden Fiebers Amm 
19. bis 29. Juli mit Prontosil per os (38 g in 11 Tagen) behandelt. Trotz- 
dem hierauf die Temperatur lylisch sank, AA’ar am 29. Juli die Fliissigkeit 
in der rechten Pleurahohle eitrig gcAA'orden iKultur; Pneumokokken), es 
Avurde deshalb eine Biilau-Drainage angelegt. Am 4. August AA-aren die 
Blutkulturen negatiA\ Eine Woche nach Aufhebung der Biilau-Drainage 
bestand bei normaler Temperatur Eiterretention (bei der Probepunktion 
Eiter mit Pneumokokken), AA’eshalb am 25. August eine Rippenresektion 
Amrgenommen Avurde. Am 2. September enistand unter hohem Tempe- 
raturanstieg eine Thrombophlebitis der linken V. femoralis. Aufs neue 
AATirden Prontosiltabletten gegeben (14 g in 6 Tagen). Am 10. September 
Avaren die Blutkulturen negatiA'. Am 14. September entAA'ickelte sich A'on 
der EmpyemAAnmde aus ein Efysipel. Wiederholt traten Schuttelfroste 
auf. Unter Prontosihmrabreichung per os A'om 14. bis 24. September (45 
g in 11 Tagen) fiel jedoch die Temperatur, um gleich darauf Avdeder zu 
steigen. Am 24. September AAoirde aus dem Blut ebenso wde aus dem Eiter 
eines subconjunctivalen Ideinen Abszesses am rechten Auge der Staphylo- 
coccus aureus geziichtet. Am 2. Oktober AAiirde mit Ultraseptyl per os 
begonnen (49 g in 9 Tagen) und, obAA'ohl die taglich bestimmte Konzentra- 
tion im Blute ZAAdschen 9 und 11 mg % sclwankte, AAairde am 16. Oktober 
aus dem Blut Aviederum der Staphylococcus aureus geziichtet. Vom 18. 
bis 25. Oktober Avurden intravenose TrjTjaflaA'ineinspritzungen gegeben 
(10 — 20 cm® y, — 2 %ig). InzAAischen AA'ar das Empyem geheilt und das 
Drain am 18. Oktober entfernt, das Fieber blieb aber intermittierend mit 
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ScMttelfrosten bestehen. Gegen die allgemeine Staphylokokkensepsis 
\vur<3e vom 26. Oktober bis 2. November wiederum Ultraseptyl verabreicbt, 
was meistens per Injektion geschehen musste, Nveil die Tablelten ausge- 
broclien \vurden. In 8 Tagen voirden 29 g gegeben, davon 12 g per os und 
17 g intramuskular. Innerhalb 2 Tagen verschwand das Fieber, der Ultra- 
septylgelialt des Blutes wecliselte von S~10 mg %. Am 6. November 
blieben die Blutkulluren steril, die Sep.sis war ubenimnden, und es vmrde 
die langdauernde Rekonvaleszenz des scbwerkranken Mannes eingeleitel. 

Obwohl alle Chemotherapeutika vorher olme irgendwelche Storung 
(ausser tJbelkeit) vertragen waren, enlwclcelte sich 15 Tage nacli Beginn 
der letzten UJtraseptylbeliandlung eine schwere Pobmeuritis an den Beinen, 
die mit leicliten Poljmeuritisersclieinungen an den Armen vergesellschaftet 


war. 

Bei der objektiven neurologischen Unlersucbung zeigte sick, dass aucb 
liier eine symmetrisclie Lahmung im Gebiet des N. peronaeus communis 
und des N. tibialis bestand. 

Im Gegensatz zu der erstbescliriebenen Beobachlung waren in diesem 
Falle sowolil die motorischen, als auch die sensiblen und trophischen Slo- 
rungen stark ausgesproclien. Der N. ischiadicus war stark zug- und druck- 
empfindlich, waiirend an den Untersclienkeln und Fiissen deutlicJie (vitale 
und gnostische) Gefufdsstdrungen im Gebiet des N. cutaneus surae lateralis 
und medialis, des N. peronaeus superficialis und des N. suralis vorlianden 
waren. Die Unterschenkcl- und Fussmuskeln zeiglen Brscheinungen von 
totaler elektrischer Entartung. An den Armen umrden Icichle motorische 
Storungen im Innervatmnsgebiet des N. ulnaris und medianus festgestellt. 
Subjektiv klagte Pat. tiber Paraesthc.sien in den Fingern. Sensible Aiis- 
fallsersclieinungen fehlten. 

Vergleichen wir diese Beobachtung mit der vorhergehenden, so waren 
in diesem Fade die motorischen, sen.siblen und trophischen Storungen der 
Polyneuritis gleichmassig stark zur Entwicklung gekommen. 


Fall 3: Pat. C, 21 Jahre alt, wwde am 27. Okloher 1941 mit folgender 
Anamnese ins St. Canisius-KrankenJiaus aufgenommen: Er war fruher 
stets gesund gewesen, bekam aber Anfang September 1011 eine Biterung 
am linken kleinen Finger. Mitte September entstand ein Furunkel im 
Nacken, hieraul noch 2 andere und Mitte Oktober noch einmal 3. Er fiihlte 
sich dabei nicht krank, ein paar Tage nach der Heilung stelUen sich aber 
ungefahr am 20. Oktober Schmerzen in der reclilen Hufte ein, die auf ver- 
sohiedene grosse Gelenke ubergrjffen. Seil dem 20, Oktober war er bett- 
lagerjg, batte hobes Pieber und pbanlasierle. Die grossen Gelenke waren 
sc merjaft, erne Probepunktion der gescbwollencn recbten Htifle orgab 
dem FiS r offenbar eine schwere Sepsis unter kontinuieren- 

bodersLnhv^lo f dem Blut auf alien Nabr- 

rnfr gezuchlet. Am 4. November umrde mil der 

begonnen (6 mal taglicb 2 Tabletlen). Nach 4 
2 |! ^ Temperatur, stieg aber bei gleicbbleibender Medikation 
2 Tage spater wieder, und am 12. November Aral ein Schutte^^^^^^^^ 
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Die Behandlung wurde abgebrochen, nachdem in 8 Tagen 48 g Ultraseplyl 
per os verabreicht waren, und hierauf wahrend 5 Tagen ohne irgendwelcben 
Brfolg Trypaflavin intravends eingespritzt. Trotz Prontosilbebandlung 
vom 17. bis 25. November (31 g in 9 Tagen), intravenosen Rivanoleinsprit- 
zungen vom 26. bis 30. November und einigen Blutlransfusionen tralen 
fortgesetzt Scbiittelfroste auf. Das Fieber blieb intermittierend, der All- 
gemeinzustand wurde schlecliter, ohne dass sich irgendwo im Korper ein 
lokaler Prozess zeigte. Am 16. und am 30. November wurde aus dem 
Blute vdederum auf alien Nahrboden Staphylococcus aureus geziichlet. 
Vom 1. Dezember ab bekam Pat., der alle Medikamente ohne die geringste 
Intoxikationserscheinung vertragen hatte, taglich grosse Dosen Ullra- 
septyl, namlich alle 4 Stunden 3 Tabletlen oder 1 g, bei Erbrechen 
wurde 1 g intramuskular und % g per os gegeben. Innerhalb 2 Tagen 
verschwand das Fieber, nach 3 Tagen uairde die Dosis herabgesetzt und in 9 
Tagen im ganzen 52 g Ultraseptyl verabreicht, davon 34 g per os und 18 
g intramuskular. Die Temperatur blieb normal. Am 8. Dezember ergaben 
die Blutkulturen kein Wachstum. Obwohl der Allgemeinzustand viel 
besser geworden war, kamen am 20. Dezember auf den Blutkulturen 
wieder einige Kolonien von Staphylococcus aureus zum Vorschein, und als 
in den folgenden Tagen die Temperatur auf 38° stieg, Avurde zur Verhin- 
derung eines Rezidivs mit einer leichteren Ultraseptylkur begonnen, 
Unter 6mal taglich 2 Tabletten umrde die Temperatur sofort wieder normal 
und erfolgte, nachdem in 11 Tagen im ganzen 47 g per os gegeben waren, 
Yollstandige Wiederhers^ellung von der schweren Septikamie. Am 5. 
Januar 1942 zeigten die Blutkulturen kein Wachstum. Unter dem Ein- 
fluss der Sepsis hatte sich wahrend des ICrankheitsverlaufs eine sekund^e 
Anamie entvickelt, die inzwischen zuriickgegangen war, ungiinstige Neben- 
wirkungen des Medikaments auf das regelmassig kontrollierte Blutbild 
waren jedoch nicht gef unden worden. 

Im Anschluss an die letzte Ultraseptylbehandlung begann Pat. iiber 
Schmerzen im Verlauf des rechten N. ischiadicus zu klagen, auch besland 
links eine leichte Reizung im sensiblen Innervationsgebiet des genannten 
Nerven. Weiterhin entwickelte sich ein Schwachezustand in den Unter- 
schenkeln und Fussen, der rechts mehr au.''gesprochen war als links. 

Bei der objektiven Untersuchung umrde beiderseits eine schlaffe Lali- 
mung der Streckmuskeln des Unterschenkels festgestellt, ausserdem eine 
Lalimung des M. peronaeus longus und brevis. Rechts ist die Lahmung 
starker als links. Die Wadenniuskeln zeigen keine Abweichung. Die Knie- 
und Achillessehnenreflexe sind links und rechts gleich. Es besteht eine 
Atrophie in der Tibialis anticus- und Peronaeusgruppe, rechts starker als 
links. Bei der Sensibilitatsuntersuchung ist der rechte N. ischiadicus zug- 
empfindlich, wahrend ausserdem eine leichte Hypaesthesie im Gebiet des 
N. peronaeus superficialis auffallt. Daneben bestehen trophische Storungen 
an den Fussen (kalte, blaue Fiisse, die schilfern). Bei der elektrischen 
Untersuchung zeigen die gelahmten Muskeln des rechten Beins Erschei- 
nungen von partieller elektrischer Entartung. Die Liquor- und serologische 
Untersuchung ergeben keine. Besonderheiten. 
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Epikrise: Pat. zeigt das Bild einer doppelseitigen Neuritis des 
N. peronaeus communis, die im Anschluss an eine UUraseptyh 
behandlung entstanden ist. Im Vordergrunde stelien diesmai die 
motorischen Ausfallserscheinungen. Die neurologisclien Symptomc 
sind 22 Tage nach Beginn der Uitrascptyibchandlung aufgetreten. 


Fall 4: Dsr IQjaUrige junge Mann D hatte am 10. April 1942 einen 
Furunkel am Halse bemerkt und war am 14. April mit Fieber iind ejncr 
sclimerzliaften Anscluvellung rechts und links im Nacken erkrankt. Am 
16. April wurde er in schwerkrankem-, septisciiem Zustand auf die innere 
Abteilung des St. Canisius-Krankenhauses aufgenommcn. Bei Inzision 
entleerte sich dicker Eiter, ip dem Staphylokokken gefunden wirden. Ans 
dem Blut nairde auf alien Nahrhdden derselbe Mikroorganismiis gezuchlel. 
Sofori nach der Aufnahme wirde mit einer kriiftigen Ultraseptylkur be- 
gqnnen, einen Tag lang alle 4 Stunden 3, danach alle 4 Stunden 2 Tablet- 
ten und spater weniger; im ganzen ivurden in 7 Tagen 44 g per os gegeben. 
Obwohl derUltraseptylgehalt des Blules zwiscbon 9.5 und 7 mg % sclnvank- 
te, blieb das Fieber dauernd iiber 39°. Auf eine anscbliessende Trypaflavin- 
kur fiel die Temperalur bi« unter 38°; am 3. Mai \varen die Blutkulluren 
negativ. Der Allgemeinzustand, der wiibrend des Temperaliirabfalls 
etwas besser geworden war, verschlechlertc sich wieder und wmrde am 7. 
Mai selir sclilecht. Obivolil die Temperalur vom 5. I\Iai ab normal gewesen 
war, starb Pat. am 8. Mai. Die pathologiscli-anatomische Diagnose laulole 
auf Septikopyamie mit zablreichen kleinen Abszessen (bis bocbslens 
Nussgrdsse) in alien Lungenlappen, vor allem an der Aussenscile, diclit 
unter der Pleura. 

Zwei Woclien nach Beginn der Ultraseplylbehandlung hatte sich ein 
Schwachezustand in beiden Oberarmen entwdckell, links ehvas mehr aus- 
gesprochen als rechts. Wahrend Pal. seine Hande und Vorderarme gut 
bewegen konnle, war es ilim nicht moglich, seine Oberarme bis zur Hori- 
zontalen zu heben. Bei der objekfiven Unlersuchung hatte sich beider- 
seits eine Lahmung des N. axillaris herausgeslelll. Die Armreflexc waren 
normal. Andere neurologisclie Veranderungen wurden niclil fesigestelll. 


Epikrise; Im Anschluss an eine Ultraseptylbchandlung, die 

8 Tagc^dauerte und wobei Pat. im ganzen 44 g Ultraseplyl per os 

gebrauchte, entivickelte sicli 2 Woclien nach Beginn dieser Bc- 

handlung eine doppelseitige Neuritis des N. axillaris. Das Auflrc- 

ten dieser Neuritis im Anschluss an cine Ultraseptylkur macht 

es wa irscheinlich, dass nicht die Sepsis, sondern vielmchr die 

toxische Wirkung des Ultraseptyl dafiir verantwortlich gemacht 
werden muss. 
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Es \vurde sofort mit der Dagenanbehandlung begonnen. Wahrend der 
ersten 2 Tage bekam er 12 Ampullen Solu-Dagenan und nach dem Abfal- 
len des Fiebers nocb ein paar Tage lang 4mal 2 Tabletten Dagenan. ]m 
ganzen -sviirden 12 g Solu-Dagenan intraglulaal und 15 g Dagenan in 6 
Tagen per os gegeben. 

Ungefabr 2 % Woclien nach Beginn dieser Sulfapyridinbehandlung 
trat ein schmerzhaftes Gefiihl in derlinken Gesassgegend auf, das miteiner 
Bewegungsstorungeinherging. 

Bei der objektiven Untersuchung ATOrde eine schlaffe Lalimung der 
linken Gesassmuskeln (Parese des N. glutaeus superior und inferior) fest- 
gestellt,\valirend auch die Kraft der Streckmuskeln des linken Oberscben- 
kels (Parese des N. tibialis) und der Wadenmuskeln abgenoinmen hatte. 

Bei der Sensibilitatsunlersuchung war das Las6gue’sche Symptom stark 
positiv, ■wahrend ausserdem eine erbbhle Druckempfindlichkeit des linken 
N. iscliiadicus in der Gesassfalte und in der Kniehohle auffiel. Der linke 
Achillessehnenreflex feblte. Die paretiscben Muskeln zeigten partielle 
elektrische Entartungsreaktion. 

Epikrise: Im Anschluss an eine Sulfapyridinbehandlung (teil- 
weise intraglutaal, teihveise oral) entwickelte sich eine Neuritis 
des N. glutaeus superior und inferior, ausserdem eine Neuritis 
ischiadica mit Freibleiben des N. peronaeus communis. 

Fall 6t Pat. W, 44 Jabre alt, rvurde am 27. Dezember 1941 komatos in 
die neurologiscJi-psychiatrische Klinik mit einem Status epileplicus auf- 
genommen. 

Nachdem der Status epilepticus gewichen -war, zeigte die weitere Unter- 
suchung, dass Pat. an einer Hypertonie (240/140 mm Hg nach Riva-Rocci) 
mit leichter Herzvergrosserung nach links litt. Im Urin und im Harnsedi- 
ment wurden nach Ablauf des Status epilepticus keine Abweichungen ge- 
funden. Der Harnstoffgehalt des Blutes betrug 560 mg pro Liter (Ambard). 
Der Augenhintergrund zeigte verengerte Netzhautarterien. Da keine An- 
kniipfungspunkte fur die Annahme einer Nephritis vorhanden waren, 
wurde die Diagnose auf essentielle Hypertonie, zerebrale Gefasskrampfe 
und Pseudouraemie gestellt. Einige Tage nach der Aufnahme wmrden 
geringe Abweichungen der Lunge festgestellt. Um die Entstehung einer 
Pneumonie zu verhindern, bekam Pat. Avahrend 3 Tagen Solu-Dagenan 
intraglutaeal (12 g in 3 Tagen). 

7 Tage nach Beginn der Sulfapyridinbehandlung entAvickelte sich eine 
Peronaeuslahmung links, neben einer Lahmung des N. tibialis. Ausserdem 
fielen Sensibilitatsstorungen im Gebiet des N. peronaeus superficialis auf. 
Die Liquor- und serologische Untersuchung ergaben nichts Besonderes. 

Wahrend der weiteren Beobachtung entwickelte sich eine ausge- 
sprochene Atrophie aller Muskeln des linken Unterschenkels und der klei- 
nen Muskeln des linken Fusses. Die gelahmten Muskelgruppen zeigten eine 
totale elektrische Entartungsreaktion. 
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Epiltrise’ Im Anschluss an cine intraglutaale Solu-Dagenan- 
Behandlung entAvickelte sich 7 Tagc nach Begiim dcrselben erne 
schwere Neuritis des N. peronaeus communis und des N. tilnaiis. 
Neben motorisclien Storungen bcstanden gcringc sensible Abwei- 

cliungen. 

Fall?: Pat. G., 54 Jahre al(,\vurde am 29. Oklohcr 1942 auf die innere 
Abteilung des St.Ganisius-Krankenhauses mil akulcr, fiebcrhaflcr Entero- 
colitis aufgenommen. Am 7. November enlwckclte sicb cine Tlirombo- 
phlebitis am linken Bein. Nach ciner Lungenembolie, die am 9. December 
auftrat, entstand enter hobem Ficber cin grosser Infarkt im linken Unter- 
lappen. Pat. ivar sclnverkrank und bek.am vom 11 . Dezember ab Dag6nan, 
erst Smalund nach dem Alifallen der Temperaliir 2ma] liiglicln? Tablellcn, 
im ganzen 12 g in 5 Tagen. 

18 Tage nach Beginn der Dagenanbehandlung bokam Pat. heftige 
Schmerzen im Gebiet des linken N. ischiadicus. Auch im rcchtcn Bein 
fiihllc sie ischiasarlige Schmerzen, dicscM-arcn aber \vonigcr ausgcsprochen 
als links. Gioichzeitig mit den Schmerzen bemcrkle Pal,, das.s sie ihren 
linken Fuss nicht mchv bowegen konrilc. Einige Tage sjiiilcr cntslandcn 
Schmerzen im Gebiet des linken Plexus brachialis. 

Bei der objektiven Untcrsuchung war das Las6guc’sche vSymptom 
beiderseils posiliv {links starker alsrechts). Die Muskoln de.s linken Unlcr- 
schenkels waren gelahmt, wahrend rechts die Kraft, mit der der Fuss gc- 
streckt und gebeugl werden konnte, stark lierabgeselzl war. Auf hoiden 
Seiten war der Achillcssehnenreflex nicht auszuldscn. Die Untcrsuchung 
der Sensibilitat ergab eine doppolseilige Hypaeslhcsie im Gebiet des N. 
peronaeus superlicialis. Schliessliclt sei noch erwahnt, dass an den Filssen 
und Unterschenkeln trophisclic Storungen aufficlon, Andere neurologisclic 
Ausfallserscheinungen inirden nicht gefunclen, bis auf cine Zug- und 
Druckempfindlichkeit des linken Plexus brachialis. 

Fasst man die genannten Erscheinungen zusannnen, so muss man fest- 
stellen, dass sich bei diescr Palicntin im Ansclilu.ss an cine orale Dagenan- 
behandlung {12 g in 5 Tagen) cine Poljmeuritis cnlwickolt hat. 

Da seit Beginn der Brkrankung noch zu kurzo Zoil vorslriclion i.sl, 
haben wir uns uber den Verlauf dieser Polyncuril is noch kein Urlcil bilden 
konnen. 


,, f ah.inirde am 9. September 1942^YCgen imil- 

SL iJr?’ ne«rolo8isch-p.syclna- 

trische IChmk aufgenommen. Sic zeiglc den klassischcn Charcol’schcn 
Symplomenkomplex, namlich « .sciicn 

1) spastische Parapareso der Seine 

2) Nystagmus, 

3) skandierende Sprache, 

4) Intenlionstremor, 
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let. Pat. wurde de.shalb rail Sulfanilamid behandelt, und zwar bekam sie 
5 Tage lang taglich 6mal 0.3 g oral. 17 Tage nach Beginn der Sulfanilamid- 
behandlung entwickelte sich eine linksseitige Neuritis des N. tibialis und 
aes N. peronaeus. 

Die Streckmuskeln des linken Unterscbenkels, die Peronaeusmuskulatur 
und die Wadenmuskeln zeigten schon nacli kurzer Zeit eine deutliche 
Atrophie, fibrillare Zuckungen neben totaler elektrischer Bntartungs- 
reaktion. 

Im Gebiet des N. peronaeus superficialis bestand eine Hypaesthesie. 

In den folgenden Monaten nahm die Atrophie stark zu. 

Es lassen sich ungez\vungen mehrere Argumente dafiir anfiihren, dass 
diese Neuritis des N. peronaeus communis und N. tibialis toxischen Ur- 
sprungs ist, und zwar: 

1) Die Tatsache, dass Pat. kurz vorher mit Sulfanilamid behandelt 
•wurde; 

2) Das Auftreten der Neuritis 17 Tage nach Beginn der Behandlung. 
Aus den vorhergehenden Beobachtungen darf geschlossen werden; dass 
die toxische Neuritis gewohnlich 2 bis 3 Wochen nach Beginn der Behand- 
lung mit Sulfanilamidverbindungen auftritt; 

3) Die klinische tJbereinstimmung dieser Neuritis mit den vorherbe- 
schriebenen. Nahezu in alien unseren Fallen bestand eine Pradilektion ftir 
den N. peronaeus und N. tibialis; 

4) Die Tatsache, dass das Bild einer peripheren Neuritis nicht in den 
Symptomenkomplex der multiplen Sklerose hineingehdrt; 

5) Die Tatsache, dass man im Tierversuch jtnit Sulfanilamid Neuritiden 
hervorrufen konnte (Bieter). 

Fassen wir nun die oben besprochenen Beobachtungen zu- 
sammen, so zeigt sich, dass nach Ultraseptylverabreichung (oral 
Oder intramuskular) in 3 Fallen eine ausgesprochene Polyneuritis 
an den Beinen auftrat, die mit oder ohne geringe Stdrungen an 
den oberen Extremitaten verlief. 

Zweimal handelte es sich hauptsachlich um eine motorische 
Polyneuritis, wahrend in einem Fall auch ausgesprochene sensible 
und trophische Storungen vorhanden waren. Im vierten Fall gab 
die Ultraseptylbehandlung den Anlass zur Entstehung einer 
doppelseitigen motorischen Axillarisneuritis. 

2 Patienten bekamen im Anschluss an intraglutaale Verab- 
reichung von Solu-Dagenan auf der Seite der Einspritzung eine 
Neuritis des N. ischiadicus. In einem Fall entwickelte sie sich 
nach oraler Verabreichung von Sulfapyridin (Dagenan). Bei einer 
Patientin trat nach oraler Sulfanilamidbehandlung eine einseitige, 
hauptsachlich motorische Neuritis des N. peronaeus communis 
auf. 
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Leet man sich nun die Frage vor, wie man die Enlstchung 
dieser Neuritiden erldaren muss, so muss mit Bezug auf imsere 
Befujide unterschieden werden ZAvischen den Veranderungen, die 
im Anschluss an die Ultraseptyl- und oralc Dagenanverabreiclmng 
entstanden, und denen, die nacli ciner parenteralen Solu-Dagenan- 
behandlung aufgetrcten sind. Die Nervenenizundungen, die wir 
nach einer Ultraseptyltherapic sich cntwickeln salicn, sind olme 
Zusammenhang mit ortliclien Storungen, da das Ultraseptyl oral 
Oder intramuskular verabrciclit wirde und die Erscheinungen auch 
ausserhalb des Einspritzungsgebietes auftraten. Man ist denn 
auch bercchtigt, in diesen Fallen von ciner toxischen Pol3meuritis 
zu sprechen. Dasselbe gilt fur die Poljmeuritis nach oralcr Dage- 
nanverabreichung. Weniger sicher ist die Erklarung fiir unsere 
beiden Falle von Iscliiadicusncuritis nach Bchandlung mit Solu- 
Dagenan. Dock sind unscrer Meinung nach Argumenlc fiir die 
Envagung von Diepen anzufuhren, dcr es fiir nicht umvalirschcin- 
lich halt, dass hier cine ortliche Einwirkung dcs Giftes auf den 
Nerv im Spiele ist (liei Solu-Dagenan). Hierfiir spricht aucli der 
Umstand, dass Klessens bei intraglutaaler Vcrabreichung von 
Ultraseptyl, woven feststeht, dass es cin allgcmeincs Nervengift 
ist, dasselbe fand wie Diepen bei Solu-D.agenan, Zwar ergeben 
die Literaturdaten, dass das Sulfap^nidin, oral oder intravends 
verabreicht, beim Menschen wenig Schaden an den peripheren 
Nerven hervorruft, aus den Tiervcrsuchen gcht aber deutlich 
liervor, dass enterale Vcrabreichung von Sulfapj'ridin Polyneuri- 
tis zur Folge haben kann, womit seine toxischc Wirkung auf das 
periphere Nervensj^stem im Ticr\-ersuch bewicsen ist. Hicrmit 
stimmt unser Fall von Polyneuritis nach ausschliesslicher Ver- 
wendung von Dagenan per os vollkommen iiherein. 


Wichtig ist nun die Frage, wclche Prognose dicse Gruppe voi 
Nervenentziindungen hat, Auf verschiedenen Wegen kann mai 
zur Beantwortung dieser Frage gelangcn. 

In raster Linie kann man sicli durch die Rcsultnle dcr clclt 
trisclwn Untcrsuclrang Iciten lasscn. Wie aus uiiscrcn Krankcn 
gesclncMen hervorgeht, bestand bei Uitraseplylpolynourilis in : 
Mien, be. Solu-Dagenanneurilis in I Fail und cbenso bei Sulfa 

iT rir Enlaru,„gsreakli0„. Hier 

ml ■ System werdra 
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Dies stimmt aucli vollkommen mit den Befunden uberein, die 
bei der Nachuntersuchung nach langerer Zeit erhoben \vurden. 

Unser erster Patient zeigte namlich im. November 1942 noch 
stets eine naliezu vollstandige Labmung der Streckmuskeln und 
der Mm. peronaei, wahrend in den genannten Muskelgruppen nocb 
eine totale elektrische Entartung festzustellen war. Die Beband- 
lungsdauer unseres zweiten Patienten ist noch zu kurz, um iiber 
den klinischen Verlauf etwas sagen zu konnen. 

Der dritte Patient, der Erscbeinungen von partieller Entartung 
hatte, zeigte % Jahr nach Beginn der Polyneuritis nur geringe 
Restsymptome, sodass bier eine gunstige Prognose gestellt werden 
kann. 

t)ber den Verlauf der doppelseitigen Axillarisneuritis haben 
wir uns kein Urteil bilden konnen, da der Patient kurz nach dem 
Auftreten derselben gestorben ist. Die Neuritis des N. iscbiadicus 
nach Solu-Dagenan, die mit totaler elektrischer Entartungsreak- 
tion einherging, ist nicht geheilt, Pat. zeigt zur Zeit (Dezember 
1942) noch ein unverandertes Bild. Der zweite Fall von Neuritis 
ischiadica nach Solu-Dagenan mit partieller Entartung war 5 
Monate spater vollstandig geheilt. 

Um eine bessere Einsicht in die Art und den Verlauf dieser 
Nervenentziindungen zu erhalten, haben wir versucht die Ultra- 
septylpolyneuritis experimentell bei Tauben hervorzurufen. 

Bei einer Taube von 750 g wurde Ultraseptyl intramuskular 
(in die Brustmuskeln) eingespritzt, Die Einzelheiten dieses Versuchs 
konnen folgendermassen zusammengefasst werden: 

1. 4. 1942 intramuskular 0.5 cm“ = 100 mg Ultraseptyl 
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Am 20. 4. 1942 konnte das Tier nicht mehr fliegen, wahrend 
seine Fliigel schlaff vom Thorax abstehen. Bis zu diesemTage sind 
im. ganzen 2 g Ultraseptyl eingespritzt. 
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in. Lulunung dcr I'lttgcl nahczu komjilcU. 



Bcginnendc Parcsc der Halsmuskcln 





VII. Zustand kurz vor dem Tode. 


Zwei Tage spater (es sind dann im ganzen 2400 mg Ultraseptyl 
verabreiclit) sinkt das Tier auf seinen Fiissen zusammen und liegt 
manchmal stundenlang auf dem Bauch. Man bekommt den Ein- 
druck, als ob Druck auf die Fiisse und die Fliigel schmerzhaft ist. 
Zu gleicher Zeit fallen trophische Stdrungen auf. 

In den folgenden Tagen nehmen die Lahmungsersclieinungen 
zu. Die Kraft in den Fiissen ist nun sehr gering, wahrend die 
Flugel schlaff herabhangen. Das Tier liegt jetzt dauernd auf dem 
Bauch. 

Anfang Mai 1942 (die Einspritzungen werden fortgesetzt) nimmt 
die Schwache in den Fliigeln zu. Am 27. Mai 1942 hangen beide 
Flugel gelahmt herab und sind auch die Fiisse vollstandig gelahmt, 
wahrend nun auch die Halsmuskeln paretisch sind (siehe Fotos). 

Wahrerid der letzten Versuchswochen wird der allgemeine 
Zustand des Tieres immer schlechter, und man bekommt den 
Eindruck, dass eine allgemeine Intoxikation besteht. Am 31. 5. 42 
geht das Tier zugrunde. 


DURCII 
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VllT. Ncrvcndcgcncrntion. Sciir starkc Sclwcllting tind VokvtoUsntJon dor 
Myclinsclicldcn. N. iscldndlcus. 


Im ganzeji wurdcn lOGOO mg Ullraseptyl cingosprilzl. 

Fasst man don Jtlinisclicn VcrJauf bei (iicscm VcrsuclisUor zu- 
sammen, so kommt man zu dem Schlusse, dass sicb bei einer Taubc 
nadi iniramuskularcr Vcrabrcicbung von im ganzcn 2 g Ullrnse])- 
tyl das Bild ciner Polyneuritis cnlwickclt (schlaffc Paresen, druck- 
cmpfindlicbe Ncn^cn, Iropliisclic Stdriingen). Diese Polyneuritis 
nimmt bei Fortsctzung dcs Vcrsucbs an Inlensitdt zu. Die Ictzlon 
Wochen bekommt man den Eindruck, dass das Tier, das anfanglicli 
wenig kranlt ist, vollkommen vcrgiftet ist. Dor Vollsliindigkcit 
halber betonen vnr, dass nicht dor gcringste Grand beslniuireine 
Mangclpolyncuritis anzunehmen. Die patliologisch-anatomisclic 
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IX. Nervendegeneration. Markscheiden stark geschwollen und vakuolisiert. 
Einige Achsenzylindcr zu deutlich sichtbar. N. ischiadicus. 


Untersuchung (durch Dr. Mansens) bestatigte die klinisclie Diag- 
nose. Die periplieren Nerven, besonders die der Fiisse, zeigten 
stark ausgesprochene krankhafte Veranderungen. Die Markschei- 
den waren stark geschwollen lind deutlich vakuolisiert. ^ yerr 
schiedenen Stellen waren die • Achsenzylinder stark geschwollen 
und zeigten einen abnorm geschlangelten Verlauf, stellenweise 
waren sie auch massig verklumpt. Die vier beigefiigten Fotos geben 
ein deutliches Bild der beschriebenen pathologisch-anatomischen 
Verhaltnisse. 

Aus dieser pathologisch-anatomischen Beschreibuhg geht her- 
vor, dass durch das Ultraseptyl ausgesprochen degenerative Ver- 
anderungen im periplieren Nervensystem hervorgerufen sind. 

Dbertragt man nun die Ergebnisse des Tierversiichs, sei es auch 
mit einiger Vorsicht, auf die menschliche Pathologic, so wird ohne 
weiteres deutlich, dass die Ultraseptylpolyneuritis eine sehr schwere 
sein kann. 

Zu eincr ahnlichen Schlussfolgerung kam auch Bieter, der 
bei Kiicken eine Ultraseptylpolyneuritis erzeugen konnte. Bei 
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X. Nervendegencration. ]\rarlcscliejdcn stark gcschwollcn und gcblaht, 
Achscnzylinder gesclvwollcn Und gcscliliingclt. N. isdiiadicus. 


einem, Vergleich der exp crim eii tell licrvorgcnifcnen Polyneuritis 
je nach Verabreichung von Sulfanilainid, SulfapjTidin, Sulfailiia- 
zol und Ultraseptyl zeigte sicli, dass die patliologiscli-anatomischen 
Veranderungen des peripliercn Ner\''ensystems am geringstcn warcn 
nach Verabreichung von Sulfanilamid und Sulfapyridin, sliirhcr 
ausgesprochen nacli Sulfaihiazol, wahrcnd die toxische Wirkung 
des Ultraseptyl auf das peripbcre Ncrvcnsystem besonders deut- 
lich zum Ausdruck kam. Ausserdem stelltc sich hcraus, dass sowolil 
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XI. Nervcndegenoration. Marksclicidcn stark gcscluvollcn und nufgcblaht. 
Achscnzylindcr gcscliSvollen, gcschlangelldndstark|vcrklumpt. N. iscliiadicus. 


Sulfathiazol, als auch Ultraseptyl ncbcn Vcranderungen im pcri- 
pheren Nervensystem auch solche im Zcniralnervensystem her- 
vorrufen konnten. 

Obwohl jeder Kliniker uns dariji beistimmeji wird, dass die 
moderne Chemotberapie unscr tberapeutisches Handclji auf ein 
hoheres Niveau gebracbt liat, liefern die milgeleillen Befunde 
ungezwungen den Beweis, dass diescr wicbtige Fortsciiritt auf 
therapeutischem Gebiet andererseits wiederum sclnvere und 
gefiirchtete Komplikationen mit sicb bringen kann. 
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In der Klijiik haben wir den Eindruck erhalten, dass von alien 
Sulfanilamid-Praparaten das Ultraseptyl die grosste Gefalir bie- 
tet fiir das Entstelien einer PoljTieuritis. Gsell gebt bei seiner 
Beurteilung selbst soweit, dass er von der praktiscben Anwen- 
dung des Ultraseptyis abratcn zu miissen glaubt, und zwar auf. 
Grund seiner Erfalirung in 151 Fallen, in denen er dieses Prapa- 
rat aiigewandt hat. Er nennt es ein vorziiglich antibakteriell "wir- 
kendes Therapeutikmn, das dicselben Eigcnscbaftcn hat wie das 
Sulfathiazol, aber nicht besser ist als dieses, auch nicht bei.Staphy- 
lokokkcn-Mektionen; es hat dagegen als N’ebcnwirkung eine aus- 
gesprochene • Neigung zu Nervcnschadigungen, meistens in der 
Form von Polyneuritis mit distalen Lahmungcn. . Die orale Resorp- 
tion erfolgt nach seinen Untersuchungen langsamer als beim 
Sulfathiazol, die hohe Konzcntration im Blute halt liinger an und 
die Ausscheidung im Urin ist geringcr mit Vorherrschcn des aze- 
tylierten Antcils. Wegen dor geringcren Urinkonzentration und 
der niedrigeren Ausscheidung des Sulfamethyltbiazol infolgc des 
starkeren Abbaus im inlcrmediarcn Sloffwcchscl hall er cs auch 
fur weniger gceignet zur Bchandlung von Infeklioncn der Harn- 
■svege als Sulfathiazol und Sulfapyridin. 

Wir haben auch den Eindruck, dass das Ultraseptyl in bestimm- 
ten Fallen ausgezeichnete Resultatc liefert, wir haltcn es aber fiir 
ratsam, gerade bei der Vervvendung dieses Praparates mehr als 
bei der der anderen Chemotherapeutika mit dem moglichcn Auf- 
treten der hier beschriebenen Vervickl ungen zu rechnen. 
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Introduction. 

Among the cellular constituents of the blood, the erythrocytes 
are estimated to have a life of 30-60 days; the life of the granulo- 
cytes is stated to be 2—4 days only and that of the blood-platelets 
merely a few hours. In rats (6 X 10® red cells per mm®) 3.10® erythro- 
cytes are said to be delivered in one minute by the blood-forming 
organ into the blood stream. Tlius even in an adult individual the 
bloodforming organ must have, in its specific cellular elements, the 
embryonal organ’s intense capacity for growth. 

Tlius at every moment a considerable number of fully diffe- 
rentiated blood-cells of the same kind are produced from an original 
cell, having passed through a period of growth and, during that 
stage or subsequently, a differentiation. The various stages through 
which the bloodcell passes during the maturation process will be 
characterized by various degrees of growth and differentiation 
which are reflected in the cytological picture. 

A summary account of the origin and development of the 
erythrocytes and’ granulocytes will be given below. In the normal 
adult mammal the blood formation is localized solely in the bone 
marrow, where the original tissue is to be regarded as an undiffe- 
rentiated mesenchyme. The reticular cells are relatively small 
and have a faintly basophil cytoplasm, without any other speci- 
fic substances observable in stained preparations. Tlie nucleus is 
poor in chromatin. The first stage is marked by a transformation 
of the reticular cells into a stem-cell, during which the cytoplasm 
is being packed with basophil substances and mitochondria. The 
essential process in the maturation of the blood cells is the forma- 
tion of hemoglobin or granula. Concurrently with the increase of 
the hemoglobin or granula, the cytoplasmic basophilia of the 
stem-cell diminishes. These processes are continuous; but, in 
accordance with the varying, proportions of those substances as 
well as changes in the nuclear picture and cell volume, certain 
maturation stages in the development of the red and white cells 
have been defined and denominated. 


hinlif discussed question in regard to the post-natal 

'''' omnipotent reproductive 
capacity occur post-embryonally, or whether the stem-cells are already 
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endowed with a prospective potency in this respect. The differences of 
opinion on the subject have been on the whole bridged over by Doan, 
Sabin, and other investigators, with the following reasoning: — The mesen- 
chyme, or the postfetal remnant thereof, produces special stem-cells lor 
the blood formation. From these cellular units are developed certain cells, 
which function as primitive blood cells. According to the nature of the 
bloodforming tissue and of the resulting stimuli special stem-cells are 
developed; for example, in the bone marrow stem-cells for the granulocy- 
topoesis (myeloblast) and in the lymphatic system lymphoblasts. Accord- 
ing to this hypothesis, the originally mesenchymal forms of cell acquire 
in their specific tissue a capacity for differentiation. 

The cytology of this further development from the stem-cell 
forms is well known- In this paper Pappenheim’s nomenclatur 
has been adopted for the granulocytopoesis: — 1. Tlie myeloblast, 
also termed Pappenheim’s lymphoidocyte, an undifferentiated, 
possibly polyvalent, stem-cell (Maximow’s hemocytoblast.) 2. The 
pro-myelocyte, in which the first signs of the formation of granula 
appear (this group comprises also Pappenheim’s leukoblast) 3. 
The myelocyte with distinct granula and nucleus matured to a 
p achy chromatic chromatin structure, via 4 the. metamyelocyte, 
finally differentiated into 5. the definitive granulocyte. 

In the erythropoesis the corresponding distinctive stages arel. 
the pro-erythroblast (Ellerman’s erythrogonie) and 2. the erythro- 
blast, a cell varying in type in regard to the appearance of the cyto- 
plasm and the hemoglobin percentage, and which, after the disap- 
pearance of the nucleus, passes into the erythrocyte of the 
blood. (For further particulars the reader is referred to Mammow 
1927). 

As a large number of differentiated blood-cells are developed 
from a relatively small number of immature stem-cells, this course 
of development seems to afford an opportunity for studying, by 
suitable cytochemical methods, the endocellular processes of 
metabolism and any changes therein which may occur during the 
different phases of growth and differentiation. Tlae maturation of 
the granulocytes seems to be particularly well suited for an inves- 
tigation of this nature, as the degree of differentiation of the indi- 
vidual cell can be exactly determined by the continues formation of 
granula and the characteristic transformation of the nucleus. 
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The protein forming system in the cell. 

Tlie principal substances out of which a cell is built up, notably 
protein and nucleic acid, have characteristic absorption bands 
nithin the central range of the ultraviolet speetrum. Tliis fact has 
been utilized by Caspersson for the localization and quantitative 
determination of these substances in individual cell structures. 
Facilities have thereby been afforded for studying the protein and 
nucleic-acid, metabolism of the , individual cell, especially during 
growth and division. 

The results have shovoi, broadly speaking, that the sehTepro- 
ducing system which is in operation in the individual cell during 
the formation of new protein substances (growdh) consists essen- 
tially in the combination of protein -with a polynucleotide group. 

In the chromosome elements the accumulation of ribodesose 
nucleic-acid during the pro-phase seems to effect the reproduction 
of gene protein. (Caspersson-Schultz 1938). 

Tlie occurrence of ribose nucleotides in the cytoplasm of rapidly 
growing cells, such as embiyonal cells (Caspersson and Tliorell 
1941) and cancer cells (Caspersson and Sanlesson 1942) seems to be 
a phenomenon of universal validity (lit. in Caspersson 1941). In 
embryonal cells it w^as found that, with continued differentiation 
and diminished rapidity of growth, this high content of cytoplas- 
mic nucleotides wns gradually reduced. 

The studies of Caspersson and Schultz have traced a connec- 
tion between these two protein-forming systems. Tliese authors 
have shown in Drosophila that the nucleic-acid metabolism of the 
cell is regulated by certain chromosome areas, namclj'' the hetero- 
chromatin defined by Heitz and formerly regarded as inert. It was 
observed, for example, that the amount of cjdoplasmic nucleotides 
in the ovum was affected by the amount of heterochromatin in the 
nucleus. When the nucleus contained an extra Y-chromosonie, 
the amount of ribose nucleotides in the cytoplasm of the ovum 
showed an increase. 


In the study of an extensive series of otlier material it was sub- 
sequently shown that certain chromatin sections which deviate in 
behaviour from the major part of the chromatin arc associated 
with the protein-forming apparatus. These chromatin sections 
are charactenzed chemicallg by their large production of proteins 
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rich in hexone bases, during the interphase, in rapidly growing 
cells. Though, in view of the inxperfection of the present cjdological 
methods, it is not possible to determine how far these deviating 
chromatin sections actually correspond to Heitz’ heterochromatin, 
that designation had been retained in the above-mentioned works 
(Caspersson and collaborators). Also in the material discussed 
below there seems to be but little prospect of cytologically deter- 
mining the distribution of the Heitz’ heterochromatin. In this 
paper therefore, the term mudeolus-asnociated chromatin)) (design- 
ating one of its most salient features) will be adopted instead (see 
below). 

It should be made clear that we are not concerned here with 
the »nucleolus-organising regions» (even if those regions in certain 
material have been shown to lie in the above indicated parts of the 
nucleus). As was shown in regard to the heterochromatin in Dro- 
sophila, the part played by the nucleolus-associated chromatin in 
the formation of cytoplasmic protein seems to be, during the inter- 
phase, to produce ribose nucleotides and proteins rich in 
hexone bases, which gather into an acidophilicly stainable, and 
ultraviolet-absorbing, nucleolus. In all types of cells in which, large 
amounts of ribose nucleotides have collected in the cytoplasm, 
and in which protein-formation processes are going on, a well- 
developed nucleolus, consisting, inter alia, of proteins rich in hexone 
bases and varying amounts of ribose nucleotides, is found in the 
nucleus. Tlius, for example, a large acidophil nucleolus is typical of 
the rapidly growing embryonal cell. 

The reverse condition, i. e. cells in which the nucleolus is miss- 
ing, as in male sex cells, is marked by the, absence of a growing 
cytoplasm. 

As a well-developed nucleolar system, i. e. a large nucleolus 
rich in hexone bases and ribose nucleotides as a rule surrounded by 
niicleolus-associated chromatin and large amounts of ribose nuc- 
leotides in the cytoplasm, is characteristic of cells, in which a rapid 
synthesis of cytoplasmic proteins is taking place, the nucleolus- 
associated chromatin probably functions, inter alia, as a factor of 
primary importance for the formation of nucleotides and proteins 
in the cytoplasm. 

The connection between this nucleolus system and the cytoplas- 
mic nucleotide protein-forming system could directly be followed 
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on suitable material (ganglion cells from Lophms piscatorius), 
(Hydm 1943)- Proteins rich in liexone bases were showm to migrate 
from the nucleolus towards the parts of. the nuclear membrane 
where a formation of cytoplasmic ribose nucleotides is proceeding 
and, in connection therewith, a synthesis of cytoplasmic protein. 

Tlie formation of ncAv protein is the central process in all cell 
growth. Tlie mechanism muclcolus-associalcd chromatin-nucleo- 
lus-c 5 ''toplasmic nucleotidcs» may therefore be regarded as a 
tem of grow'th in tlie cell, serving for the formation of cytoplasmic 
protein. Possibility is thus afforded for determining the rapidity 
of growth in a cell by examining the size and composition of the cell 
organelles functioning in the protein-forming system above referred to. 
Special importance may be attached to the amount and compo- 
sition of the nucleolar material as well as to the content in the 
c 3 doplasm of ribose nucleotides formed from the nuclear mem- 
brane, as these factors arc most easj’- to judge. Thus a cell in rapid 
cytoplasmic growdh may be roughl}' characterized as follows; 
A large nucleolus containing ribose nucleotides, a large nucleus 
with a well-developed nuclear membrane and a high concentration 
of ribose nucleotides in the cytoplasm. \S9ien the cell is developed 
by nomral differentiation and ceases to form new cytopla.smic 
protein, the nucleolar apparatus is reduced, so that scarcclj' more 
than its original chromatin portion, observable as a chromocentre 
is left (Caspersson and Tliorell 1941), Tlie concentration of ribose 
nucleotides in the cytoplasm concurrently dinrinishes (for further 
particulars see I. c, and Caspersson 1941). 


Tlie first task in studying the development of the bloodcell is 
primarily to investigate w^iether the cytoplasmic protcijiforming 
mechanism works in the same way as in the previous studied cells. 
Such investigation will be rendered possible lij'- a comparative 
cytochemical investigation of the granulocytopoesis and crylhro- 
poesis (see below p. 357). One of the most marked disparities be- 
tween corresponding cell generations in the myeloid and endhroid 
series IS the great difference in the development of the cytopln.sm. 

I “ T’ ? stem-cell, acquire, in 

mass ° Imgo cytoplasmic 

mass, winch durmg the chtferentiation, in connection with the in- 
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crease in the number of cells, is very gradually reduced (for further 
particulars see below). Tlie cytoplasm of the erythroid cells, on 
the other hand, rapidly diminishes concomitantly with the diffe- 
rentiation. If, parallel with this distinction in the development of 
the cytoplasm, a difference in the development of the nucleolar- 
nuclearmembrane apparatus can be demonstrated, it may be con- 
cluded that the formation of cytoplasmic protein proceeds on simi- 
lar lines as in the previously studied cells. 

This is shown below to be the case. The possibilities thus afford- 
ed for judging, from the composition of the individual cell orga- 
nelles, the rapidity of growth in the various stages of differentia- 
tion should also enable us to study the question whether the for- 
mation of blood cells in the adult bone marrow proceeds mainly 
by a differentiation starting from early stages or by homoplastic 
divisions of more differentiated types of cell. Certain questions 
bearing on the subject will be discussed below. 


Some earlier observations regarding the cytology of hematopoesis. 

In the mechanism of cell growth above referred to, the central 
position is held by a special cell organelle, the nucleolus. Some ear- 
lier observations regarding its occurrence and development during 
the hematopoesis will therefore be briefly summarized below. 

The development of the nucleolar apparatus in certain blood- 
cell stages was studied by Butterfield in 1907. He found in mate- 
rial from myeloid leukemias that the non-granulated cells, supposed 
to be undifferentiated, all possessed nucleoli, though in varying 
numbers. The number had no connection with the size of the 
nucleus or of the cell itself: the only factor which seemed to be 
constant was the total mass of the nucleolar substance. 

Between these undifferentiated cells and the typical granulated 
forms, he found all kinds of transitional stages, with continously de- 
creasing basophilia in the cytoplasm and an increasingly conden- 
sed chromatin network in the nucleus. In view of the density of 
this network, Butterfield considered that a nucleolus in the myc" 
locyte could be discovered only with difficulty, but that it never- 
theless existed. 

Butterfield also investigated the reaction of these nucleoli 
to stains and observed in the nucleolar substance a marked affi- 
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nity for acid dyes. U;ider certain conditions, however, lie found 
that they could he stained also by basic dyes. 

Butterfield’s observations induced liim to endorse the view 
advanced by Heidenhain in 1907 that grovnng cells contain larger 
amounts of nucleolar substance than others. Tims, so far as con- 
cerned the typical hinds of cells occurring in myeloid leukemias, he 
regarded the number and size of the nucleoli as an indication of 
the state of proliferation of those cells. 

, Schridde (1907), in distinguishing between the granulocyte 
and Ijmphatic groups of stem-cells, describes the myeloblast con- 
tained in the normal bone marrow of man as a cell wdth a mode- 
rately large cytoplasm of spong>" structure and equably distribu- 
ted basophilia, having a round or oval nucleus wdth a distinct 
nuclear membrane. Tlie chromatin structure, he states, is fine- 
meshed. Acidophil nucleoli, provided with a nucleolar membrane, 
often occurred in rather considerable n'umbers being distributed 
here and there in nucleus. He found this nucleolar membrane 
to be particularly marked in those nuclei which contained merely 
a single nucleolus. He also found that the myeloblast nucleoli 
corresponded well with Flemming’s definition: round, sharjily deli- 
mited formations, consisting of plastin and therefore differently 
stainable than the rest of the chromatin. 

Schridde considered himself also to have found that all the nuc- 
leated cells in the bone marrow contained nucleoli. In addition to 
the above described findings of nucleoli, he was able with his 
special Altmann-Schriddc staining method, to show the existence 
of nucleoli also in the differentiated cells, According to him. this 
method enabled nucleoli to be discerned even in advanced erylhro- 
blasts, though, with ordinary staining, they were obscured liy a 
deeply stainable chromatin network. 


Maximow and other authors, however, hold the most widely 
accepted view that later stages, with more or less condensed 
chromatin structure in the nucleus, are devoid of nucleoli. 

According to Lambin (1923) the nucleolus is already missing 
m the myelocyte, whereas Maximow, for example, considers that 
this cell contains 2 — 4 irregularly formed nucleoli. 

Pappenlioim (1907, 1910) finds notl.in'g chavnclcristic in the 

tir»v MW?.! “ (1910) considers 11, at 

myeloblast (the most undiffercnliatcd hciuatopoctic cell) as 
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a rule has more nucleoli than the more differentiated cells, but 
nevertheless finds that the reverse is often the case. Downey , actu- 
ally states that cells with an otherwise typical myeloblast structure, 
but which are totally devoid of nucleoli, are occasionally observed. 

Downey (1933) makes the following statement regarding the 
further fate of the nucleolus; sNucleoli disappear during the early 
stages of differentiation of myeloblasts. In the red cell series this 
occurs very early, but in a series of developing granulocytes they 
may be carried over into the leucd blast and promyelocyte stages. 
In diagnostic work it is, therefore, very important to give special 
attention to the nucleoli, because their presence is an indication of 
immaturity of the cells, but they usually do not tell us whether the 
cell has originated in the marrow or lymphatic tissue.)) 

For other literature regarding, the nuclear structure, the cyto- 
plasmic basophilia and development of granula in the different cell 
stages, good summaries will be found in the cited works of Maxi- 
mow, Downey, and others. 

Some earlier cytochemical invesUgalions of blood cells. 

Gravutz and Griineberg in 1906 investigated blood cells from 
man in the ultra\’iolet microscope in accordance with the method 
of Kohler. The wave-length adopted was Mg 2800 A. ^Tliey believed 
however that the absorption of tlie different cell structures was 
due to their mineral content. No conclusions, however, were 
drawn in regard to the chemical composition of the cell structures, 
this being due to the imperfect knowledge of those days regards 
the substances occurring in the cell and their absorption of light. 

In the above-mentioned study of Caspersson and Thorell on the 
endocellular metabolism of protein and nucleic acid in embrj'onal 
tissue, certain stages in the development of the blood cell were 
analyzed with the method elaborated by Caspersson for taking 
absorption spectra of individual cell parts. 

By comparisons with the thorough histological investigations 
made by Dantschakoff on the hematopoesis of fowl embryos, the 
different bloodcell stages could easily be identified in the ultravio- 
let microscope. Tliis procedure showed very distinctly that the pri- 
mitive blood cells possessed a cytoplasm packed with intensely 
absorbing substance. The absorption measurements were made on 
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the cytoplasm of erytliroblasts lying in the area vasculosa as well as 
on the cytoplasms of fully differentiated ery thro cycles . The former, 
rapidly dividing, primitive forms had high concentrations of cyto- 
plasmic nucleotides, wliereas these were entirely lacldng in the fully 
differentiated forms, which were not susceptible of further growth. 
Dantschakoff’s statement that this blood-cell series is character- 
ized by a diminishing tendency in the cytoplasm to take on basic 
dyes, was explained liy the observation of Caspcrsson and Tliorell 
that the amount of cytoplasmic nucleotides decreases during the 
differentiation. 

II. Material. 

The uUraviolei picture. 

Tlie nucleic acid group is characterized by a specially high 
absorption in ultraviolet light about 2600 A, which is due to the 
pyrimidin rings of the bases contained in the nucleotides. As Cas- 
persson (1936) has shown, this absorption liand in cell material 
might be regarded as specific for tlic nuclcolidcs (cf 1. c.). 

The distribution of these substances witliin a cell can thus be 
studied by measurements of absorption spectra of different cell 
parts. Due to the very higli absorption of the nucleotides at 2600 
A even single micro-photographs taken under suitable conditions 
vvith light of this wavc-lcnglli give some evidence. A condition is 
however that the cell itself does not contain structures which 
refract light so intcnsily' as to distort the actual absorption within 
the cell. Such structures may' either be normal substances, such as 
granula, or artefacts due to unsuitalilc fixing (sec Caspcrsson 
1936, 1940). 

Other substances occurring in cells Avhicli show* some, tliough 
fainter, absorption in ultraviolet light, and vvliicli consequently 
are brought out on an absorption micro-photograph, are proteins 
and certain sterols. 

As Fig. 1 shows, the absorption of the nucleic-acid group at 
2600 A is considerably higher than that of proteins of ordinary 
contents of tynosine, try^ptophan and phenylalanine. Thus on a 
photograph taken at this wavc-Icngtli tlie cell structures contain- 
ing nucleic acid in comparative concentrations will stand out in 
sharp relief. A layer of a 10 per cent, protein solution 5 p, in tliick- 
ness, with the usual composition of cellular protein, absorbs about 
23 — Acta med. scandinav. Vol. CXVIL 
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5 per cent, of the light falling in. This absorption corresponds to a 
0.2 per cent, nucleotide solution. This shows that the dark areas 
on the photograph, corresponding to a high absorption of light in 
the cell cannot be due solely to the protein: They are in fact a 
direct indication of the presence of nucleic acid. It should be point- 
ed out, however, that the presence of the nucleic-acid component 



Fig. 1. Absorption curves of a 1 % solution of ribose nucleic acid (1) and a 
10 % solution of serum-albumin (2). The figure shows the marked difference 
in absorption between the nucleic acid and the protein. 
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cannot be considered to have been proven when high absorption 
is found on the ultraviolet photograph, where indefinite factors, 
such as exposure and development, may come into play. Only 
a detailed absorption spectrum oj the cellular pari in question can 
determine the matter. 

Certain of the sterol have their principal selective ultravio- 
let absorption at shorter wave-lengths (2300 — 2400 A) and, as 
compared with the nucleotides containing pyrimidin bases, are 
scarcely noticeable on the ultraviolet photograph at 2600 A. 

Summing up, it may be stated that under certain conditions, 
and taking into account effects due simply to the refraction of 
light, the general endocellular distribution of nucleotides can be 
judged on an ultraviolet photograph, taken under proper condi- 
tion as those areas which are rich in nucleotides, owing to their high 
absorption of light, show less density than the remaining areas. 
— A uniform plate material (Agfa Normal, see below) has been 
used throughout. Also the exposure, development and printing 
were kept as constant as was practicable vsnthout the adoption of 
special reference systems. 


As the principal object of investigation, the author has used 
living cells from the femur bone marrow of rats. Tlie left femur 
was dissected free from muscles and extracted, whereupon the 
proximal part was crushed so that the marrow was exposed. It 
was then dabbed on a wcllcleaned quartz slide, A drop of Ringer’s 
solution was added, a cover glass was put on, and, in order to pre- 
vent drying, the edges were smeared with vaseline. TJie prepara- 
tion was examined as soon as possible in an ultraviolet microscope 
(ICohler 1931) with the use of the wave-length 2573 A, thus very 
near the absorption maximum of the nucleic acids. For data 
regarding the microscope and photograpli, see the explanatory 
text of fig. 2. Tlie appearance of the different tyqies of cells involved 
m the development of the blood cell is described below (for the 
nomenclature, see above). 



346 


B. THOBEBB. 


The Myeloid Series (Fig. 2). — 

1. The Myeloblast 

A rather large, as a rule slightly oval cell. The cytoplasta, 
forming a fringe round the nucleus, has a somewhat irregular out- 
line and contains a considerable am,ourit of intensily- absorbing 
substances. Tliese substances as a rule are evenly distributed in the 
cytoplasm, though several small vacuoles are sometimes observed. 

The nucleus is large, usually oval and bounded by a fine, but 
distinct nuclear membrane. Tlie chromatin structure is relatively 
»light» and consists of an abundance of fine absorbing granules. 

The nucleus moreover contains several (2 — 4) large, rmher inten- 
sily absorbing nucleoli, which as a rule are evenly distributed 
and situated near the border. ' 

2. The Promyelocyte. 

A large, round cell. Tlie large cytoplasm moderately absorbs 
the ultraviolet rays {for particulars see the quantitative determina- 
tions given below),' but contains largish, more faintly .absorbing 
areas, which in all probability are due to the forma'tmn.df granula. 

The nucleus is smaller than that of the preceding cell (see below), 
and provided with a fairly distinct membrane. The ultraviolet- 
absorbing chromatin is more or less accumulated in small clumps, 
often lying immediately within the nuclear naembrane. 

In addition, the nucleus contains 1 — 3 moderately large nucleoli, 
which intensily absorb ultraviolet light. 

3. The Myelocyte. 

A moderately large, round or oval cell. The cytoplasm has a 
granular structure and is relatively dark, presumably owing to the 
refractive effect of the abundant grartula. 

The nucleus is rather small, round or unevenly oval; No dis- 
tinct nuclear membrane can be discerned. The chromatin is arrang- 
ed in largish clumps. 

As a rule a couple of distinctly absorbing largish formations can 
be observed in the nucleus. ■ , . , ' ' - 

4. The more or less mature granulocyte. 

A small cell with the cytoplasm full of. refractive granula, 
causing a considerable loss of light. 
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I'ig. 3. Uilraviolcl jticlurcs of erylliroid cells :tl (lifferciil slages, ^rngnific.a- 
Uon 1150 X. I'or other (I.ala see Fig. 2. 
a) erylhroblast. h) hasofiiic erylhroblast. c) polychroinatic c. cl) orthoclir. c. 

Tlie nucleus first assumes an annular form (Di Guglicmo 1914) 
and subsequently, before llic final lobcd structure is developed, 
a rod shape. During this differentiation the absorbing chromatin 
gets increasingly caked. The nucleoli, or rather the chromocentre 
areas in these cells (sec belotv), -which down to the metamyelocyte 
can be clearly distinguished as small, intensely absorbing clumps, 
finally disappear altogether in the coarse chromatin structures. 
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The Erythropoetic Series (Fig. S.) ' _ 

1. The Proerythroblast. . . . - •• . 

A large, usually round, cell. The cytoplasm is rather scanty 

and throughout intensely absorbing. 

The nucleus is round, with a thin, quite, distinct nuclear mem- 
brane. The nuclear structure, shows a;picture of larger or smaller 
absorbing chromatin grains and, as a rule,. t\yo large, intensily 
absorbing nucleoli. • 

2. Erylhroblasis of various stages. ' 

The size of the cell diminishes rapidly with the maturation, 
Even at the stage which, to judge by the size and nuclear struc- 
ture, follows immediately after the proerythroblast,: the amount 
of absorbing substancern the cytoplasm has' decreased considerably 
and during the following stages is maintained at a . practically 
constant level, which' is presumably due to the diminishing' content 
of nucleotides and the increasing amount of hemoglobin. 

Tie nucleus undergoes a’ pyknotic degeneration,' manifesting 
itself in the concentration of absorbing substance. In the earlier 
stages the nucleoli are very imperfectly developed. In the more 
differentiated erythroid cells they are not developed at all. Tie 
rounded, intensely absorbing formations in the e^hroblast nuc- 
leus must be regarde, according to previous investigations, as 
chromocentres. Towards the end of the ilifferentiatio'ri process 
these formations are not visible at all, owing to the more or less 
coarsely packed chromatin (see below). . ' 

' Quaniiiaiive determination of the cytoplasmic nucleotides. 

A method for taking absorption spectra in individual cellular 
elements has been elaborated by Caspersson (see Caspersson 1940). 
By analysis of the absorption curves obtained, the content of 
nucleic acid and protein in- these organelles can be estimated. But, 
ovnng to the small size of e. g. the intensely , absorbing cytoplasm 

0 the myeloblast, sufficient accuracy cannot be attained- with 
this method. ■ , • 

_ The nucleotide concentration in the cytoplasm can, however, 
be approximately estimated by measuring the density of the cell 
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organelle on the ultraviolet pliotogram, as compared -with the den- 
sity of the surrounding free plate area. If one uses monochromatic 
light of the wave-length 2573 A, in which the nucleic acids have 
their absorption maximum, the density, under otherwise constant 
conditions, will, practically speaking, depend entirely on the nuc- 
leotide concentration in the cell organelle (see above). The diminu- 
tion of cytoplasmic nucleotides in the differentiation of the mye- 
loblast into the promyelocyte should be determinable in this man- 
ner, seeing that in these cells the cytoplasm is homogeneous, whence 
the absorption is but little affected by the diffraction of light owing 
to interspersed refractive granula. In order to obtain comparable 
values, cytoplasmic areas with the same thickness of layer must 
be measured. This condition seems to be satisfactorily fulfilled by 
points near the nucleus. 

The photograph was taken with a definite time of exposure (2 
seconds). The density curve of the plate under the given condi- 
tions was known, whence the corresponding intensity could he de- 
duced from the degree of density. At the same time the intensity 
value for a point lying close to the measuring area was determined, 
which value corresponded to the intensity of the light falling on the 
measuring area. The transparency of the measuring point is thus 
obtained from the ratio between the intensity value of the picture of 
the object and that of the environment. (For a discussion regard- 
ing the similarity of the picture to the object and the possibility 
of accurate measurement of the absorption of light in microscopic 
preparations, se Caspersson 1936). 

In order to control the density curves of individual plates, a 
wedge with stepped, known, rising coefficients of extinction was 
photographed at the same time. By measuring the density for 
each wedge value and by tracing the density curve, a good control 
of the exposure and development of each plate was obtained. 

The method of measurement was as follows: — The density 
measurement on the developed photograms (exposure, source of 
light and development as far as possible constant) was carried out 
as a measurement of transparency. The zero per cent, intensity 
value (minimum density) was computed by the transparency of 
unexposed plate area. Tire 100 per cent, intensity value (maximum 
density) was obtained by the measurement of areas completely free 
from substance. The relative value was computed by measurement 
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„£ a free area in the immediate vicinity of the measuring pomt of 
the cytoplasmic absorption. instrument was as follows; — 

The construction of the regMcr 

The measured plate area (A) to 

through «re t^onr surrounging plate 

the plate. The inliuence i s ^ measuring 

areas was eliminated by a diap i g . , x-i ^ selenium photo- 
area free. Tire measuring area was projected on the selenium 1 
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Fig 5. The figure' sho^YS the striking o 5 ^o'^?°^Spllnomeno^ 

Ltween the myeloblast and the promyelocyte 2570 ^ F 

Sn be explained only by a "'^^ked diminution of ^ Every 

concentration, during the cytoplasm in a single cel. 

point indicates ^ p^om/eJyte). 

cell D through the objective E and the J"' J^uCrt 

G and ocular H is a centring arranpmeut. the p 
arising from the illumination of the photocell w 

mirror-galvanometer (I) (Fig. 4.). / • accu- 

By measuring the source of light with curre 
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Fig. C. Feulgen-stalnecl myeloid cells. Observe Ihe nucleolar circle. 



Fig. 7. Fculgen-stainccl crylliroid cells. Greatly condensed clironinlin. 



Fig. 8. ^)Doubly stained, granulocyte cells (sec text). Particulnrlv 
for ined-Hiriiig the size of the cell organelles. 


ivell suited 




Fig/ 9. Survey of some essential cytochemical and cytological data during 
the differentiation of a myeloblast into a mature granulocyte. Cpl NS = con- 
centration of cytoplasmic nucleotides expressed in the coefficient of extinc- 
tion. Nukleol = total nucleolar mass expressed in Cellvol = cell volume 
in cms = total volume of the different stages. Granula = the approximate 
granula content in each type of cell. 

The outline drawing shows how, before and during the growth phase, the 
cytoplasm of the stem-cell (mbl) is packed with nucleotides, and how rapidly 
the concentration decreases in the course of differentiation, concurrently with 
a reduction of the nucleolar mass. In the later, relatively well-differentiated 
stages, where the nucleolus-cytoplasmic nucleotide mechanism is suppressed, 
the increase in the number of cells takes place at the expense of their size. 
The drawn cells are mainly intended to show the nucleus-plasma ratio and the 
nucleolus picture at different stages. In the primitive type of cell (mbl) the form- 
ation of a substantial nucleolar mass has broken up the nucleolus-associated 
chromatin into thin outer layer. Owing to the diminished formation of nucleolar 
substance by the nucleolus-associated chromatin during differentiation, the 
outer layer (cf Fig. 6) is gradually converted into a compact chromocentre. 



Fig. 10. Ultraviolet picture (2570 A) of polychromatic and normal red cells, 
hlarked difference in absorption. 
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mulator battery, fluctuations in the intensity of the light falling 

on the measuring were obviated. ■ ‘ 

- For the values of the coefficients of extinction obtained (s — 
log log Ij) of points measured in the cytoplasm, see fig. ,5. 


Localization oj ribodcsose nucleotides. . 

For the localization of ribodesose nucleotides in the cellular 
structures, the Feulgen nucleal reaction, as modified for blood cells 
by Honneth in 1940, was employed. With a view to the reliable 
determination of the different cells,' the Feulgcn-stained prepa- 
rations Were compared ■vsdth those which, after such staining, had 
also been faintly stained with Ma 5 '--Grunewald’s methylene bluc- 
eosin. 

The result of the treatment of cytological material with fuchsin 
sulphurous acid after acid hydrolysis has been found to be rather 
specific for ribodesose nucleotides (Feulgen and Rosscnbeck 
1924). Other substances which, after hydrolysis, have a free alde- 
hyde group, and which occur in cytological material, arc Fculgcn^s 
plasmogen, plasmal and other lippid-raldehydes. On comparing the 
Feulgen reaction in sections or films treated with alcohol after 
acid hydrolysis, and in which the fatty-acid aldehydes had- been 
dissolyed, the same results were obtained as in the smear prepa- 
ration. Tliese substances therefore did not affect the cytological 
picture in the ordinary Feulgcn-stained preparation. 

Tlie bone-marro^v preparations consisted of smears produced 
by the cautious dabbing on a slide of separately prepared femur 
bone marrow from adult rats. The films were fixed with formalin 
fumes for oiie minute. Preparations produced in this way, as com- 
pared with living cells photographed- in ultraviolet light, showed very 
small changes iri the eytological picture. • ' 

In all the cells the chromatin network showed a rich stain. (Fig. 
6 and 7). Oh the other hand, /he cytoplasm, which in- the earliest 
stages was markedly basophil and intensely absorbed ultraviolet 
light, gave an entirety negative result to the Feulgen test. This of course 
was likewise the case yvith the acidophil, ' granula-filied c>Tbplasms 
of the inore or less differentiated cells. • ■ ' ' . , 

The inimsdy ibiorbing -mickoli «/ the mjklbUast, ' piomydoajk 
and early mjthroblast- were entirely Feulgeri-hegativc. ■ (Fig.' G) Tlie 
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large nucleolus of the myeloblast was delimited by a Ibin, but quite 
marked, outer layer, wbicb, in view of its distinct staining, evidently 
contained ribodesose nucleotides. In the later, more differentiated, 
stages the concurrent!}' reduced nucleolar mass gradually acquired 
a thicker, Feulgen-positive, outer layer. 

The rcduciion of the F culgen-ncgalive nucleolus was found to 
proceed continoushj during the development of the cell (see below), 
Tlie nucleolus of the myelocyte, for example, was obsers'able merely 
as a small, thick, irregular ring and finally, in the metamyelocyte, 
was not developed at all, being reduced to a small, Feulgen-positive 
clump, which, according to Caspersson and Thorell (1942), is to be 
regarded as a cbromocentre. 

It is noteworthy that this degeneration of the nucleolus pro- 
ceeds far more rapidly in the erythropoctic series than during the 
myclopocsis (Fig. 7). 

From a preliminary comparison between the appearance of 
the bonemarrow cells after the Feulgen reaction and on the ultra- 
violet microphotograph, it appears (1) that, as regards the cyto- 
plasm, the intense ultraviolet absorption in the myeloblast and 
the early erythroblast is presumably derived from ribose nucleo- 
tides, and (2) that the large nucleoli of the same early stages con- 
tain a relatively high concentration of ribose nucleotides, the 
amount of whicb gradually diminishes as the differentiation pro- 
ceeds, so that the intensely absorbing formations in the nucleus 
of later, more or less fully differentiated cells consist entirely of 
ribodesose nucleotides. 


Micro-incineration. 

From the ultraviolet photograph the intracellular distribution 
of nucleotides, through the purin and pjTimidin base of those 
substances, can be obsers’cd. These obsers'ations may be supple- 
mented and confirmed by micro-incineration of the smear prepara- 
tions. 

Ordinary adult tissue has an ash content of about 2 per cent. 
Microincineration has shown that the major part of this ash as a rule 
is derived from the nucleus. In cells with at least G per cent, of 
nucleotides in the cytoplasm a corresponding increase of cyto- 
plasmic ash may, however, be anticipated. In fact, owing to the 
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high content of phosphorus, (about 25 per cent.) in the nucleic 
acids, cells containing large amounts of ’ nucleotides may be ex- 
pected to yield a copious amount of ash. At an incineration tem- 
perature of 500 Celsius the phosphates, which in these cells con- 
stitute the major part of the ash, are left. The distribution of tbe 
ash within the cell can easily be observed in the dark field illumi- 
nation- ... 

This correlation between the ultraviolet and micro-incinera- 
tion pictures was shown by A. Engstrom (1943) on a large material. 

Preparations thus incinerated showed (1) a high content of 
ash in the cytoplasm of the myeloblast and (2) naturally a copious 
residue of ash from the more or less condensed nuclei of the more 
differentiated cells. 

fn view of the coarseness of the ash picture and the small dimen- 
sions of the cellular structures, micro-incineration did not admit of 
a reliable examination of the finer organelles. 

III. Discussion of the material. 

1. Does the nucleolus nuclcar-mcmbranc apparalus participate in the 
formation of cytoplasmic proteins during the adult hematopoesis? 

As stem-cells for the granulocytes and erj'lhrocytes cells of 
very similar cytological tj-pes (e. g. Maximow’s hemocyloblast, 
Pappenheim’s lym.phoidocjd;e, Naegeli’s macroblast,) liave been 
described. This similarity of origin is indicated also by the ultra- 
wolet pictures of the two stem-cells. Both arc ratlier large, the 
cytoplasm intensely absorb ultraviolet light, the nucleus is round 
and contains several large, absorbing nucleoli. To judge by the 
Feulgen reaction, these nucleoli consist mainly of ribose nucleotides, 
surrounded by a ribodesose nucleotide layer. In the subsequent 
forms, however, great differences between tlic myeloid and cry- 
throid cells, such as the marked disparity inthedcvelopnmntof the 
cytoplasm, can be observed. 

A value of the size of the cytoplasm in the different t^pes of 
cell of the two series can be obtained by direct measurement. In 
computations made by the author, the average size of the cells 
photographed in ultraviolet light was taken as a basis. The mag- 
nification was 1150 X. Artefacts which might have affected the 
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results Were eliminated in so far that the cells Were not dried, nor 
appreciably flattened. The following values, expressed in jx, were 
obtained: ^ 

Diameter in jj. 


Myeloblast 12.0 + 0.16 <7 = 0.7 

Promyelocyte 14.4 + 0.15 a = 1.05 

Myelocyte 10.1 + 0.11 a = 1.15 


In order to check the above results, it seemed desirable to 
measure the size of the eells also in a stained preparation. A far 
larger number of cells can be measured in this way, which is of 
special importance as regards the less accessible undifferentiated 
stages. For this purpose preparations produced in accordance udth 
the previously described technic and doubly stained with Feulgen 
and May-Griinewald’s methylene blue-eosin are very well adapted. 
(Fig, 8) On such preparations the optical cross-sectional area of the 
aggregate nucleolar mass can be exactly measured. The cellular 
constituents in question were in fact clearly marked and distinctly 
delimited, without any visible shrinkage, or the like, whatsoever. 
Tlie values thus obtained will be used in the following discussion. 

Magnification: 1500 X. Measuring instrument: the Zeiss 
ocular screw micrometer. With this optical apparatus, a precision 
down to measurements of 0.1 jx was easily attainable. The cell 
organelles in question were measured in a hundred cells of each 
type. 

Mean values, mean error and dispersion. 


Celldiameter in /< Area of nuelcolus in /<■ 

Myeloblast 16.8 + 0.1 a = 0.3 38.8 + 0.10 o = 0.6 

Promyelocyte 17.6 + 0.25 a = 1.5 12.7 + 0.18 <7 = 1.06 

Myelocyte 15.4 + 0.2 a = 1.1 5.1 + 0.23 a = 1.2 

Mature cells 9.5 + 0.18 a = 1.03 — — — 


If the mean diameter of the cells photographed in ultraviolet 

light is compared with that of the cells in the stained preparation, 

^ For me statistical treatment of tbc measurements the following methods 
have been adopted: 

The dispersion is calculated in accordance with the formula o = / 

f n — 1, 

where a is the deviation from the mean value and n the number of ob- 
servations. 

The mean error of the arithmetical mean is calculated in accordance 

a 

with the formula 

— fn 
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we shall find throughout in the latter a rather considerable differ- 
ence in size. Tlie two series are of course not directly comparable, 
depending on different factors as for example the flattening in 
the stained preparation. But, as the object of this measurement is 
to obtain some idea of the changes in the size of the cells or cell 
organelles during the differentiation, a uniform disparity in the 
measurements obtained with the different methods is enough. 

As regards the ergthroid tj^ies of cell, the diameter was measured 
only in the cells photographed in ultraviolet light. Tlie same 
precision as in the case of the myeloid cells cannot be attained 
here, as the transitions between the differentiation stages are 
rather fluid. But, as the values will be discussed only in connection 
with a comparison between the myeloid and crjd;roid series, such 
precision is scarcely necessarj'- for the result. The following cell 
diameters were obtained; 


Proerythroblast 11.5 // 

Basophil crj'throblasl 9.5 // 

Polychromatic crylhroblast 7.5 // 

Orthochromatic crythroblast 6.5 /t 


If the results of the measurements in the two series are com- 
pared, it will be found that the cells in the erythroid scries, with 
the exeption of the earliest cell, arc marked by a relatively small 
amount of cytoplasm, as compared vMth the myeloid cells, in 
which a large cytoplasm is retained through almost the whole chain 
of differentiation. 


Several authors (e. g. Dovmey) have described how the nucleoli, 
characteristic of the undifferentiated stages both in the erythroid 
and in the myeloid series, in tlie course of the first-mentioned 
maturation process, disappear at a very early stage, whereas in the 
latter process they are observed right up to the myelocyte stage. 

The results of the cj’tochemical investigations reported above 
showed also that the nucleolar apparatus Avas very differently 
developed in the two scries. In the myeloid series large nucleoli, 
containing ribose nucleotides were observed. This t>^c of nuclco- 
lus did not entirely disappear until the myelocyte stage was reached. 

^rom the fact that the cells in the myeloid scries show large 
cytoplasms, whereas those in the erythroid scries are comparati- 
ve y smali, rt lollows that the production of proteins during the 
Died, scandinav. Vol. CXVII. 
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growth of the former cells proceeds with considerably greater 
intensity than in the latter. If we correlate with this fact the above 
described cytochemical pictures presented by the nucleolar nuc- 
lear-membrane apparatus in the two series, it will be found that the 
intense production of proteins in the myeloid cells runs parallel with 
an evidently well-developed nucleolar apparatus, whereas in the 
erythroid cells — in conformity with the far less marked forma- 
tion of new cytoplasmic protein — , such an apparatus is deve- 
loped only in the very earliest stages, and subsequently disappears. 

The conclusion which must be drawn from this discussion is 
thus that the formation of cytoplasmic proteins, even during the 
adult hematopoesis, proceeds with the aid of special organelles, 
namely the nucleolus and nuclear membrane, similarly as in the 
previously studied types of cell, for example, embryonal cells. 


The blood cell regeneration. 

A question of great importance for the discussion regarding the 
regeneration of the blood cells is whether the development of a 
blood cell into its mature form in the normal, adult animal starts 
mainly from the most primitive cells, such as the myeloblast, and 
proceeds by a series of heteroplastic divisions, or sets out from more 
differentiated stages, such as the myelocyte, thus proceeding 
chiefly by homoplastic divisions. 

The view held by several investigators (e. g. Rohr 1939) is that 
the formation of new blood cells in the normal, adult animal pro- 
ceeds in the main from relatively well-differentiated cells; that 
during embryonal life, on the other hand, differentiated elements 
develop from undifferentiated cell forms by heteroplastic division; 
and that in an adult individual such a direct origin of a mature 
blood cell from an undifferentiated cell is possible only under 
pathological conditions. 

This view has resulted from the attempts made to determine the 
intensity of growth of the various differentiation stages. Such compu- 
tations have been based on a differential count of all the mitoses in a 
section or smear preparation. 

This different intensity of growth in the stages passed through 
during the maturation of the cell has also an important bearing on 
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the present investigation, as an elucidation of this question should 
render it possible to correlate the endocellular chemical processes 
in the various hematopoetic cells with the rapidity of growi;!! and 
degree of differentiation in the corresponding stages. It seems 
therefore desirable to enter more fully into this question* 

The above mentioned determination of tlie intensity of grov^Th 
in the various differentiation stages is founded on tlie ratio between 
the number of mitoses of the different cells. (Specifically the 
ratio betw^een the quotients — the number of mitoses; the number 
of cells.) It is questionable, however, whether this computation 
of the mitosis frequency (in sections or preparations) is a reliable 
method for determining what type of cell is most burdened with 
the blood-cell regeneration, and which consequently must possess 
the greatest capacity for growth. Tlie conditions which must be 
fulfilled if this ratio is to serve as a reliable index of the intensity of 
growth is (1) that the mitoses should proceed at the same relative 
pace and (2) that the cells produced after the division should be of 
the same kind. 


Otherwise (1) the rapidity of gro\vth of a cell tjqic with slowly 
proceeding mitoses wall be estimated at too high a figure. Tliat, 
as regards the hematopoesis, such a source of error in all probability 
affects the estimate of the intensity of growth of the cellular con- 
stituents is indicated, inter alia, by La Cour’s observation that 
cells passing into the polynucleatcd form have a suppressed ana- 
phase. 

The second factor in computing the intensity of growth accord- 
ing to this method, namely the number of the cell tjT'^ m question 
in percentage of the total tj^ies of cell, likcAvise involves an inde- 
terminable source of error. The essential point is wiiether the mito- 
sis of a cell proceeds by heteroplastic or by homoplastic division, 
which determines whether the cells produced after the Pritosis are 
retained within the cell group or not. Thus in the case of a homo- 
plastic mitosis a lower figure will be obtained for the intensity of 
grow^th, and vice versa. 


This method of computing the intensity of groirtli in the diffe- 
rent stages through which the Wood cell passes during maturation 
seems therefore not to be entirely reliable. 

CO Jo ® t'ta introduction Hint it would be possible to 

ompute the state of function of the cytoplasmic prolcin-fomino 



362 


B. THORELL. 


system of the individual cell by studying the state of development 
of the organelles participating in the formation of cytoplasmic 
protein (the nucleolus and nuclear membrane) as well as the con- 
tent in the cytoplasm of ribose nucleotides formed from the nuclear 
membrane. 

From the above comparison (p. 354) between the appearance of 
the bone-marrow cells after the Feulgen reaction and on the ultra- 
violet microphotograph, it was seen that the development of the 
nucleolar nuclear-membrane mechanism pointed to an intensive 
protein-forming function in the most undifferentiated stages, such 
as the myeloblast or proerythroblast, whereas in later stages, such 
as the myelocyte or basophil erythroblast, it showed signs of a far 
weaker function. The earlier forms in the chain of differentiation 
are thus engaged in more intensive proliferation than the more 
mature stages. From this it may be inferred that the development 
of the adult animal’s mature blood cells, intended to cover the daily 
requirements, begins, at any rate to a large extent, in the most 
primitive forms and is continued by a series of heteroplastic di- 
visions. 

Having thus assumed — as seems quite legitimate — , that 
the regeneration proceeds mainly by a series of heteroplastic 
divisions, it will be possible from other, more precisely determin- 
able data, to obtain some idea of the intensity of growth of the 
different stages. 

Since the composition of the hematopoetic organ, as regards 
the different types (stages) of cell is fairly constant, their capacity 
for growth may be expressed as the increase in cellular mass which 
takes place during the transition from one type of cell to a more diffe- 
rentiated type. 

As previously mentioned, the myeloblast serves as a stem-cell 
for the heteroplastically developing myeloid elements. The growth 
which takes place when increasingly mature cells are differentia- 
ted from such a stem-cell is naturally reflected firstly in an in- 
crease of the number of differentiated cells relatively to the stem- 
cell, and secondly in a modification of the size of the cells after 
the mitoses. 

According to Stasney and Higgins, who have made very 
thorough differential counts on the bone marrow of the femur 
from white rats, the percentage distribution of myeloblasts avera- 
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ges 1.3, that of promyelocytes (plus leukoblasts) 8.6, that of uiye- 
locytes (plus metamyelocytes) 12.5, and that of still further diffe- 
rentiated cells 33. The remainder is the percentage of erythroid 
cells. From these data we can deduce the increase in the number 
of myeloid cells: from myeloblast to promyelocyte 6.6 times the 
number, from promyelocyte to myelocjde 1.5 times, and from 
myelocyte to mature granulocytes 2.6 times. 

If we examine the mean diameter of the different types of cells 
in preparations, it "will be found to be about 17 for the myeloblast, 
18 [I for the promyelocyte, 15 yw for the myelocyte and 7—12 fi for 
the later stages. The volume of the cells in the smear preparation 
may approximately be reckoned as the volume of a cylinder with 
the base = the cell area and the height h. The slight difference 
in the height of different cells Jn, a preparation may be set aside. 

According to this compution, the volume of the myeloblast 
figures out at 230. h p?, of the promyelocyte at 250. h p?, of the 
myelocyte at 177. h pt^ and of the mature cells at about 70. h p?. 

Hie increase in the ioial cell volume in passing from one type of 
cell to a more differentiated one can be obtained from these values 
by multiplying the ratio between the volume of the more diffe- 
rentiated cell and the volume of the preceding cell by the increase 
in the number of cells. The increase in the total volume between the 
myeloblast and the promyelocyte thus figures out at 1: 7.2, between 
the promyelocyte and the myelocyte at 1:1, and between the 
myelocyte and a fully differentiated cell at 1: 1.0, or, rounded off, 
1:7: 7: 7. 

If the formation of granulocytes is supposed to proceed hetero- 
plastically, these figures show that an increase in cell volume 
takes place almost exclusively at a very early stage of differen- 
tiation. In later stages, where the growth is terminated, the divi- 
sions take place at the expense of the size of the cell 


Changes in the cytochemical picture during the maturation of the 

blood cell. 

A. Myeloid series. 


le -above descnbed ultraviolet photograms of cells belonging 
the myeloid series show in the most undifferentiated cells 
namely the myeloblasts, a high content of cytoplasmic nucleotides’ 
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As the Feulgen test gave a negative result, these nucleotides are 
evidently of ribose character. During the differentiation of the 
myeloblast into the mature granulocyte, the concentration is 
considerably reduced: even in the transition to the promyelocyte 
type, the concentration, expressed in the coefficient of extinction, 
for the cytoplasm at 2570 k, has fallen to half. Owing to the in- 
creasing interspersion of refractive granula in the cytoplasm during 
maturation, this diminishing content of nucleotides cannot be 
followed with the same precision in later stages. Other cytoche- 
mical data, however, point to a continuous diminution during 
differentiation. 

As the increase in cellular volume was largest between the 
myeloblast and the promyelocyte, this observation tallies well with 
the results of previous investigations (Caspersson and others) that 
cells in intense growth are characterized by high concentrations 
of nucleotides in the cytoplasm. Tlie longer the cell is differen- 
tiated and the less its need of growdh, the less will be this concen- 
tration of cytoplasmic nucleotides. 

Viewed in conjunction with observations on other material 
(Caspersson, Schultz, Tliorell and others), this indicates that these 
nucleotides take part in the formation of new cytoplasmic protein. 

The results obtained in staining the cytoplasm indicate a con- 
tinuous diminution of the amount of acid groups during differen- 
tion: earlier stages, such as the myeloblast, have a markedly 
basophil cytoplasm, and this basophilia, during the transitions 
from the promyelocyte, through the myelocyte, to the granulocyte, 
continuously diminishes in inverse proportion to the granula for- 
med during differentiation. 

Of particular interest is the cytological observation made by 
several authors (references in Downey 1932) that in a rather large 
number of myeloblasts there is a perinuclear, acidophil area. This 
indicates that in these cells, in the immediate vicinity of the nuclear 
membrane, there is a preponderance of basic groups. According to 
earlier references (Caspersson and Thorell) it was shown by absorp- 
tion analyses that, in addition to ribose nucleotides, proteins rich 
in hexone bases, emanating from the nucleolus, also occurred duriiig 
the building-up of cytoplasmic protein. The inconstancy of the 
staining picture, that is, the homogeneous basophilia of the cyto- 
plasm in some of the m.yeloblasts, need merely signify that the acid 
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groups in tlie nucleotides preponderate relatively to the proteins 
rich in hexonc bases. 

The cylochemical changes which the nucleus undergoes are the 
following: — 

In the myeloblast the nucleus is large, has a fine-grained chro- 
matin structure and contains an ample nucleolar mass (optical 
cross-sectional are = 39 fiF). During maturation the nucleus dimi- 
nishes in size, likewise the nucleolar mass, whereas the amount of 
cytoplasm does not undergo any noteworthy change in size. Tlie 
relation between these nucleolar changes, reductions in the amount 
of cytoplasmic nucleotides, intensity of growth and degree of diffe- 
rentiation are illustrated in Fig. 9. 

During the development from the mj'eloblast to the mature 
granulocyte, a condensation of ribodesose nucleotides in the nuc- 
leus takes place concurrently with the diminution of the nucleolar 
substance (see the Feulgen picture). Tlie content of ribose nucleo- 
tides in the cjdoplasm diminishes continuously, simultaneously 
with an increase in the amount of granula. In the first stage of 
development, the cell volume shows a small increase, but after- 
wards, according as the growth mechanism is brought to a stand- 
still, the cells produced after mitosis become smaller and smaller. 
Granula probably arise by the conversion of the. original proteins 
in the cytoplasm, and thus the amount of fundamental cytoplas- 
mic protein becomes still smaller than corresponds to the size of 
the most fully differentiated cells. 


B. Enjthroid series. 

Tlie earliest stage, the proerythroblast, has, broadly speaking, 
the same characteristics as the myeloblast; a large nucleus noth a 
diffuse content of ribodesose nucleotides. In the nucleus there are 
one or two nucleoli. The correlation between the ultraviolet pic- 
ture and the Feulgen staining shows that the nucleolus contains 
large amounts of ribose nucleotides. The cjdoplasm is relatively 
scanty and likewise contains a considerable concentration of ribose 
nucleotides. 

The ultramolet pictures of the whole following series show that 
those parts of the nucleus which contain ribodesose nucleotides 
become more and more compact according as the nuclear volume 
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diminislies. The nucleolus conlaining ribose nucicoiides disappears 
at a very early stage in the differentiation. All that is left is a marked 
area containing ribodcsose nucleotides, which, according to Caspers- 
son and Tliorell, is to be regarded as a chromocentre. Parallel -with 
the differentiation, the concentration of cytoplasmic nucleotides 
likewise diminishes. At the same time a formation of hemoglobin 
takes place in the cell, presumably by the conversion of the cyto- 
plasma’s own proteins. 

The above cytochemical changes are precisely reflected in the 
staining picture. Tlie basophilicly stainable ribodcsose nucleotides 
in the nucleus are arranged at an early stage at rather large inter- 
vals, but in the course of differentiation they gradually clump 
together, so that an extremely basophil chromatin clump finally 
remains. In the undifferentiated proerythroblast, the nucleolus 
contains mainly proteins rich in hexone bases and ribose nucleo- 
tides, the former of which entirely obscure the acid groups of the 
nucleic acid (Hammarsten and Teorell 1928), whence an affinity 
for acid dyes results. The reverse is the case on the ultraviolet 
picture, where the nucleotides preponderate by their high absorp- 
tion at 2600 A. — In later stages the acid groups of the ribodcsose 
nucleotides of the nucleolus-associated chromatin predominate in 
increasing degree, whence in the more differentiated stages they 
can be distinguished from the remaining chromatin by a largish 
basophil clump, the chromocentre. 

The cytoplasm in early stages, owing to its high content of 
ribose nucleotides, is intensely basophilic. In the course of the 
differentiation, with diminishing capacity for cell growth, the 
nucleotide concentration is reduced and the C 5 d;oplasm becomes 
less basophilicly stainable. At the same time the amount of acido- 
phil hemoglobin increases. 

A basophilia may, however, persist in erythrocytes circulating 
in the blood, as is the case with the so-called polychromatic erythro- 
cyte. On examination in the ultraviolet microscope with mono- 
chromatic light corresponding to the absorption maximum of the 
nucleic acids, these erythrocytes are found to show an absorp- 
tion which in all probability corresponds to a considerable amounts 
of nucleotides (Fig. 10). As the Feulgen test was entirely negative, 
these nucleotides are probably of the ribose type; it may therefore 
be presumed that, despite the absence of a nucleus, these poly- 
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Chromatic blood cells, in vicAV of the chemical composition of their 
cytoplasm, have not reached a fully differentiated stage. 


Changes in the chromoccntrc-midcolar apparatus during the maium- 
iion of the blood cell. 


Tlic most undifferentiated stage, the myeloblast, which Avas 
characterized by its high capacity for groudh, had a distended 
nucleus uith large nucleoli containing ribose nucleotides. In the 
cytoplasm large amounts of ribose nucleotides bad collected. Thus 
this undifferentiated cell, in which a rapid formation of cytoplasmic 
proteins was proceeding, showed a cj^tochemical picture wdiich 
clearly indicated a nucleolus-associated chromatin and nucleolar 
sj'stem in intense operation. A similar tj^ie is the growing egg-cell 
and the rapidly dividing embrjmnal cell. 

By using liwng cells for the ultraviolet picture, and by trea- 
ting the Feulgcn-stained preparation in an e.xtremely cautions ivay 
(fixation with formalin fumes), such good cytochemical pictures 
could be obtained tliat the development of the nucleolus during 
differentiation could be followed in detail without difficulty. 

On the Feulgen-stained preparation one could verj' clearly 
observe the annular accumulation round the nucleolus of ribode- 


sosc nucleotides, which, according to previous investigations, are 
to be regarded as a chromocentre (Caspersson and Thorell 1941). 
Tiiis formation is termed, eg. g. by Schridde, »Eimer’s nucleolar 
membranes. The probable e.xplanation of the annular arrangement 
is that, when the chromocentre during the interphase forms ribose 
nucleotides and proteins rich in hexone bases, these substances, 
according to their amount, more or less disrupt the heterochromatic 
area. If the cell after mitosis is not to grow in any appreciable 
degree, as is the case e. g. uith the myelocjdie, the polynucleotide 
system of the cytoplasm is developed merely to a small extent 
for protein-formation. As, parallel with this, the nucleolar substan- 
ce IS not ver>' abundant, tlie surrounding layer containing ribode- 
sose nucleotides has a smaller diameter. 

lo..? ilfflercntiation into the mature gnmu- 

toc 1c, the imcMfcrenlwlcd, cmbi^'onal types gradually disappear 
.s correlated ulU, the diminishiug capacity for grLrZllt 
lemltc Of., he myeloid cell during matumtj(sce 
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tlie myelol^last to the protii.j’-clocyte stage, cells of this type were 
capable of increasing their total mass 6 to 8 times, whereas in later 
stages this larger mass rem.ainccl practically constant. ■ 

The most prim.itive cell in the adult hem.atopoetic series, the 
myeloblast, contained in its nucleus two to four round forma- 
tions, which cyLochem.ical analysis showed to contain considerable 
amounts of riljose nucleotides. Tliese nucleotides were surrounded 
by Feulgen-positive substance (the nucleolus-associated chroma- 
tin). Tlie nucleus was rather large and rich in evenly distributed 
euchromatin. Tlie cytoplasm A.Vas small relatively to the nucleus, 
that is, the nucleus-plasma ratio Avas high (0.7). 

In the next stage the nucleus had diminished in size, though 
the entire cell body in this stage was larger than in the preceding one 
(a lower nucleus-plasma ratio, namely 0.5). Tlie nucleolar mass 
had diminished considerably, and the nucleolus was obsers^able as a 
more or less irregularly round formation, but still containing ribose 
nucleotides. Tlie surrounding nucleolus-associated chromatin, in 
correspondence with the reduced nucleolar mass, was less dis- 
rupted and thus appeared as an irregular, rather thick ring. 

In the myeIoc 5 d;e, whose cytoplasmic protein had been mainly 
converted into granula and had lost most of its basophilia, the 
nucleus was small, the euchromatin clumped together, and the 
extremely small nucleoli were surrounded by a thick layer of 
nucleolus-associated chromatin. 

Tlie mature leukocyte, which has no function subserving 
growth, had a markedly differentiated, lobed nucleus. No nucleoli 
had been formed: the nucleolus-associated chromatin (the chromo- 
centre) lay inert and in an irregular Feulgen-positive clump. 

Tlie relation betAveen these types of nucleolus, those of the mye- 
loblast, the promyelocyte and the myelocyte, is most simply explain- 
ed by the supposition that the nucleolus-associated chromatin (the 
chromocentre) in the different stages had formed Amrying amounts 
of ribose nucleotides. 

Caspersson’s studies of salhmry-gland nuclei from Drosophila 
had shoAvn that the chromocentre and the nucleolus both con- 
tained substances the absorption spectra of AAdiich indicated the 
presence of proteins rich in hexone bases. This, in conjunction 
Avith other circumtances, makes it probable that the major part of 
the nucleolar substance had been formed from the nucleolus- 
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associated clirolnalin. As llie nucleolus also contained ribose 
nucleotides, its affinity to acid or basic dyes will be detemtined by 
the relation of these substances to one another. Most of the nuc- 
leoli in the undifferentiated cells (except the annular Feulgen- 
positive formation, regarded as a chrotnocentre) contained ultra- 
violet-absorbing, Feulgen-negative ribose nucleotides. By the 
production of these nucleotides the chromocentre was gradu- 
ally disrupted, and is recognized on the Fculgen- and Giemsa- 
stained preparation as a Feulgen-positivc, basophil circle round 
the nucleolus. As this nucleolus on a heinatoxylin-cosin prepa- 
ration stained acidophilicly (Butterfield and others), this must be 
due to the presence of basic groups, probably derived from proteins 
rich in hexone bases. The amount of these proteins cannot be 
stated, as even quite small amounts of protein may completely 
obscure the acid groups of the nucleic acid in the staining (E. Ham- 
marsten, G. Hammarsten and T. Tcorell 1928). The development 
of the nucleoli of the hematopoetic elements, in conjunction with 
the high content of ribose nucleotides in the cytoplasm in the 
undifferentiated stages where growth is proceeding, thus agrees 
well with the previous observations made regarding the deve- 
lopment and function of this cell organelle. 

Embr 3 'ological and genetic data have shomi (Caspersson and 
others) that the protein-forming system of the cell, and thus its 
growth, is regulated by a combination of factors, cytochemically 
defined as nucleolus-associated chromatin (see p. 338). Daring malur- 
alion, via the above-mentioned characteristic cell types, the activity of the 
nucleoius-associaicd chromatin — nucleolus — cytoplasmic-nucleo- 
tide system continuously diminishes, which results in a reduced new 
formation in the cell of cytoplasmic protein. Tliis phenomenon 
may also be expressed by stating that the more a cell is differen- 
tiated for its final function, the more it loses its capacity lor 
growth. Tlie cause of this phase in the differentiation process 
must thus be sought in the nucleolus-associated chromatin. 

A certain periodicity in the function of this chromatin is showi 
during different stages of interphase and division. During mitosis 
the nucleus shows a marked increase of ribodesose nucleotides. Tlie 
nucleolus has completely disappeared and thus, of course, plays no 
part in the formation of cytoplasmic nucleotides. During mitosis 
the factors which mainly determine the function of the cell, namely 
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the genes, arc concentrated in the chrontosotnes, rich in nucleoti- 
des. As Caspersson and Schultz have shonui, the heterochromatic 
chronaosome parts during mitosis serve to regulate the nucleic 
acid metabolism of the chromosomes. Bctaveen the divisions the 
nucleolus-associated chromatin, through the nucleolar-cytoplas- 
mic-nucleotide system, will regulate the growth of the cell. Tliis 
is effected by the production of nucleolar substance in the form 
of ribose nucleotides and proteins rich in hexone bases. 

Tlie explanation of the reduction of the capacity for growth, 
proceeding parallel with the differentiation, may thus either be a 
diminution of the activity of the nucleolus-associated chromatin, 
or else a decrease in its amount. As this chromatin, unlike the 
euchromatin, is built up of identical or similar gene elements (Cas- 
persson 1941) a decrease in amount in principle- is conceivable. 
For other reasons, however, a decrease in amount does not seem 
probable in this case. 

Nevertheless certain changes in the amount of the hetero- 
chromatin have been observed during the gene di\ision (Schultz 
and Caspersson 1939, 1940). Examples are also Icnown where the 
sex cells contain large amounts of chromatin which is eliminated 
in the somatic cells and which seems to have heterochromatic 
character, as for instance in Ascaris. 

^^^^ether the reduced activity of the nucleolus-associated 
chromatin during the differentation is due to such a diminution in 
amount caimot be determined with certainty. Tliat such elimina- 
tion should occur in any appreciable degree is, however, improbable, 
seeing that in relatively well-differentiated cells, such as the mye- 
locyte, one observes round the poorly developed nucleoli a consi- 
derably thicker layer of Feulgen-positive nucleolus-associated 
chromatin than in the earlier forms, where this layer was extended 
by abundant nucleolar substance. It should be noted, however, 
that the Feulgen picture does not show any precise quantitative 
result. 

It is interesting to compare the nucleoli in different phases of the 
differentiation of the hematopoetic cells with the nucleoli occuring 
in cells in different layers of a cancer cord (Caspersson and Santes- 
son 1942). The authors referred to consider it probable that the 
rapid growth in malignant cells is due to a pathological h)^^^' 
function of the nucleolus-associated chromatin. Tlie differentia- 
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tion betxv^eeii an outer cell (A type) and an inner cell (B type) is 
due, according to those investigators, to the poor nutrition m the 

centre of the cancer cord. j j.'n 

The nucleoli of the »differentiated» B t>-pe are large and still 

contain considerable amounts of ribose nucleotides. Tlie nucleolar 
development of the differentiated granulocyte, on the other hand, 
is quite suppressed. The difference between this »false differentia- 
tion) from the A to the B type and the differentiation from the 
myeloblast to the granulocyte will then be realized: in the former 
case the nucleolus-associated chromatin is throughout supernorm- 
ally active and the i)differentiation» into the poorly growing type is 
caused by directly operating external factors, whereas in the latter 
case during the hematopoesis a quite normal differentiation is 
presumably taking place, because the primary stimulus proceeding 
from the environment is in operation through the nucleolus-asso- 
ciated chromatin. 


IV. General Summary. 

Earlier investigations have shown that the formation of cyto- 
plasmic proteins during the growth of a cell generally proceeds with 
the aid of certain cell organelles, more especially the chromocentre, 
nucleolar apparatus and nuclear membrane. From the state of 
development of these organelles, especially the amount and com- 
position of the nucleolar material, as well as the content in the 
cytoplasm, of ribose polynucleotides form,ed from the nuclear 
membrane, it has been found possible to determine the state of func- 
tion of the cytoplasmic proieinforming system of individual cells, 
(their intensity of growth). 

The results of a study of the development of this system, in the 
blood-forming organs of adult mamals, with the aid of certain cyto- 
chemical methods, are recorded in this paper. Tlie problem set 
was (1) to investigate whether the cytoplasmic protein-forming 
system m these cells operates on the same lines as in other previously 
studied types of cells and (2) to utilize the possibilities of deter- 
mining the -state of growth of individual cells in order to settle 
certain questions regarding the formation of the blood cell in bone 
marrow. One of the principal questions was whether the blood-cell 
regeneration in the adult organism mainly starts from the most 
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primitive stem-cell and proceeds by a series of heteroplastic divi- 
sions, or whether it sets out from more differentiated stages and 
proceeds by homoplastic divisions. 

Tlie living cells from the bone marrow of rats were examined 
with ultraviolet microscopy and a simplified absorption method 
for the purpose of judging the content of polynucleotides in the 
C3d;oplasm- The results of these methods were checked with the 
Feulgen reaction, micro-incineration and staining with acid or basic 
d^ms, the last-mentioned procedure being specially intended for 
studying the development of the nucleolar apparatus. 

Granulocytes and eiythrocytes arc derived from cells of very 
similar cytological types. In the cell generations succeeding the 
stemcell the two series are distinguished, inter alia, by the marked 
difference in the development of the cytoplasm. Tlie erythroid 
series, with the exception of the first daughter-cell, is marked by a 
very slight development of the cytoplasm, whereas the cytoplasms 
of the myeloid cells are well developed, which was shown by direct 
measurements of size. These investigations indicate that the degree 
of development of the nucleolar nuclear-membrane apparatus is quite 
different in the two series. In the cells of the myeloid series large 
nucleoli containing ribose nucleotides as well as considerable 
amounts of cytoplasmic nucleotides are observed. In the cells of 
the erythroid series, on the other hand, distinct nucleoli are observ- 
ed in the very earliest stages and subsequently disappear. The 
largish rounded bodies in the nuclei of these later stages have not 
the character of true nucleoli, but must be regarded as chromo- 
centres. 

If the different pictures which the nucleolar nuclear-mem- 
brane apparatus presents during the development of the two senes 
are judged according to the above-mentioned earlier observations 
on other cell material, they signify that in the cells of the myeloid 
series the formation of cytoplasmic protein proceeds with great 
intensity, whereas such protein is formed merely to a slight extent 
in the erythroid cells. Tliis is in complete accord with the fact 
that the former have large cytoplasms and the latter merely small 
ones. Thus in these cells too the cytoplasmic protein-forming system 
seems to operate on similar lines as in the previously studied types 
of cell, e. g. embryonal cells. 

The question whether the hematopoesis in the adult animal 
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mainly starts from the most primitive blood cells and proceeds by 
a series of heteroplastic divisions, or whether it sets out from later 
stages in the chain of differentiation, thus in the main homoplas- 
tic dmsions, has been much discussed. Several investigators have 
attempted to judge the intensity of growth of the different t^es 
of cell by counting the number of mitoses occurring in the diffe- 
rent tj^ics. It is shown here that, for various reasons, the intensity 
of growth cannot be reliably estimated in this way. 

Tlie study of the development of the nucleolus nuclear-mem- 
brane apparatus in the different tj'pcs of cell pointed to an inten- 
sive functioning of the cytoplasmic protein-forming system in the mye- 
loblast and promyelocyte, and to a marked diminution of that activity in 
later stages (myelocyte and metamyelocyte). The earlier forms in 
the chain of differentiation were thus engaged in intensive proli- 
feration. From this it follows that, in the adult animals examined, 
the hematopoesis, at any rate to a large extent, begins in the most 
primitive forms, and thus proceeds by a scries of heteroplastic divi- 
sions. "Vniether divisions of homoplastic tj’pc also occur could not 
be determined. 

Tlie total volume of cells belonging to different stages of diffe- 
rentiation was computed firstly by measurements of size in ultra- 
violet pictures and smear preparations, and secondly by differential 
counts of cells in bone marrow. It was shown that in the m.yeloid 
series the volume of the promyelocytes far exceeded that of the 
myeloblasts, and that the cell volume in the stages follou'ing the 
promyelocyte kept fairly constant. Tins indicates that the granu- 
locytopoesis proceeds mainly from the myeloblast and that after 
the promyelocyte stages but little growth takes place. As above 
mentioned, the activity of the nucleolar apparatus shows a rapid 
reduction in these last-mentioned stages. 


A thorough study of the cytochcmical pictures showed tliat the 
typical appearance of the cells in the different stages was due to the 
continous decline in the activity of the nucleolar apparatus. In the 
earliest form of cell, the myeloblast, large nucleoli, containing ribose 
nucleotides, had developed from the chromocentre, and had dis- 
rupted the nucleolus-associated ribodesose nucleotides so as to 
reduce them to an annular formation surrounding the nucleolus. 
In the immedrntely succeeding tj^ie, the promyelocyte, the nuc- 
leolar mass had been reduced to about lialf the size. In connection 
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with this, the surrounding ring of nucleolus-associated ribodesose 
nucleotides was less disrupted and had ntore irregular outlines 
than the preceding cell. The diminution of the nucleolar mass 
proceeded continuously during the differentiation, so that the 
nucleolus of the myelocyte was very small and surrounded by a 
thick, irregular Feulgen-positivc ring. In the metamyelocyte no 
nucleolar mass was developed at at all: the larger, rounded for- 
mation in the nucleus consisted mainly of ribodesose nucleotides. 

As above stated, a similar reduction of the nucleolar mass was 
observed also in the erythroid series, but with the difference 
that it proceeded with much greater rapidity, relatively to the 
maturity of the cell. 

Parallel with this diminution of the nucleolar mass, the concen- 
tration of ribose nucleotides in the cytoplasm was reduced. Thus, 
during the development of the myeloblast into the prohayelocyte, 
the concentration, expressed in the coefficient of extinction in 
2573 A, decreased from. 0.7 to 0.3. These cytochemical changes 
could be correlated with a diminishing intensity of growth in the 
blood cells, concurrently w'ith the differentiation. , This is shown 
in outline in Fig. 0. 

The marked acid properties of the substances wdiose changes 
in concentration could be follow'ed wdth the cytochemical methods 
employed serve to explain the cytological pictures observed on 
an ordinary bonemarrow preparation, stained with acid and basic 
dyes. Thus the dim,inishing ability of the cytoplasm, during the 
differentiation, to bind basic dyes is due to the decreasing concen- 
tration of ribose nucleotides. The large nucleolus, containing ribose 
nucleotides, which is characteristic of the early stages where the 
cell is in process of rapid grow'th, has, howwer, a typical affinity 
for acid dyes; as previous investigations have shown, this is pro- 
bably due to its content of proteins rich in hexone bases, which 
completely obscure the acid groups of the nucleic acid. 

During the maturation of the cell, however, the acid groups of 
the nucleolus-associated ribodesose nucleotides predominate in in- 
creasing degree, so that in the nuclei of the more differentiated 
stages, these groups can be distinguished from the remaining 
chromatin as a large, rounded, basophil formation, a chrom.o centre. 

Finally, the author discusses the primary cause of the continu- 
ously proceeding changes in the function of the blood cell during 
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differentiation, from the activities which serve the purpose of 
growth to the special function of the mature cell. The changes, 
during differentiation, in the organelle which plays a leading 
part in the cytoplasmic protein-forming system, namely the nuc- 
leolus, were explained by the fact that in the different stages the 
nucleolus-associated chromatin had formed varying amounts of 
inter alia ribose polynucleotides. 
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Gan Rheumatic Infection be influenced by an 
artificial Tropical Climate? 

By , 

GUNNAR EDSTROM, Lund, Sweden. 

(Submitted for publication February 4, 1944). ^ - 


Is the rheumatic infection^ a climatic disease? At first sight tlie 
question may seem surprising. VTien speaking of climatic diseases 
we have accustomed ourselves to think in the first place of certain 
diseases in the tropics, possibly also of mountain sickness and 
certain other rare forms of disease occurring in quite special types 
of climate such as high-alpine. But it has been less usual to use 
this term for diseases in whose origin the climate of the temperate 

f 

zones could be regarded as accessory. 

A closer study of the influence of the climatic factors arid 
weather on the origin and frequency of certain diseases and syndro- 
mes will show, however, that just as we may consider the tropical 
climate to be implicated in the prevalence of certain diseases and 
epidemics in these tropical climes, so may we with equally good 
reason, regard our temperate climate as accessory to other ravages 
of disease. Rheumaiic infection as wide-spread disease in the popu- 
lation belongs to the climatic diseases of the temperate zones. For 
if the areas over which rheumatic infection is spread are studied, 
considering in the first place the purest and the most easily demar- 
cated of the clinical pictures, rheumatic fever, the frequency and 
appearance of which have been studied and analysed most in 
various parts of the world, we soon find that the areas in which 

^ A definition of what is here meant by rheumatic infection can be found in 
Ergeb. inn. Med. u. Kinderh. 52. s. 452 et seq. 
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it occurs in great frequency lie exclusively within the temperate 
climate,, i. e. the temperate zones and those parts of the highlands 
of the tropics that have a similar climate. 

Very early, Hirsch was able to demonstrate that rheumatic fever, 
was very rare in the tropics. According to his handbook on geo- 
graphical pathology there are certain exceptions, however, e. g. 
the uplands of Abyssinia according to Courbon, the tablelands of 
Arabia according to Pelgrave and Guez, and the high plains of 
Peru according to Mantegazza, i. e. regions within the tropics with 
a highland climate rather than a tropical climate in the strict 
sense. 

Hirsch ’s observations have since been confirmed by a very large 
number of authors, among them Andersson, Buchanan, Tertius 
Clark, Clarke, Coburn, Getz, Newsholme, etc. 

During 33 years’ work as a physician in the Malay Archipelago 
Tertius Clark saw about 150,000 hospital cases and found among 
them not a single case of rheumatic fever, chorea minor, or mitral 
stenosis (»the scarred valves of rheumatic disease»). In the Fiji 
Islands Clarke in 1930 found, four cases of febrisrhcumatica, cor- 
responding to 0.03 % of the total number of cases. Mangalik and 
Scott, during the years 1930 — 36, observed nine cases of rheuma- 
tic fever at the Thomason Hospital in Calcutta, these being 0.1 % 
of the medical cases of this institution. Andersson found only 
five cases of rheumatic fever or chorea minor among 3,000 inter- 
nal hospital cases in Hong-Kong. 

A number of patho-anatomical investigations have been under- 
taken to clarify the situation. In about 600 consecutive autopsies 
in Amritsar in India Keates was in no case able to detect any rheu- 
matic affection or any vitium of the mitralis. Lambert and Pappen- 
heimer had the same experiance in about 500 consecutive postmor- 
tem exanunations at San Juan in Porto Rico. In an autopsy 
material of about the same size in other islands of the West Indies 
Koppisch was able to find only t\yo cases. Among 1,000 autopsies 
in San Juan carried out consecutively up to May, 1941, Carrillo 
found only eleven cases wth affected mitral valves of probably 
rheumatic etiology. According to Heanley, no case was 
encountered of .mitral stenosis or other undoubted rheumatic 
affection m over 6,000 autopsies in Hong-Kong. Pestana, at 793 
autopsies m Singapore, found only thirteen cases in 'Which the 
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mitral valves were affected. In Hughes, however, there is a state- 
ment that he had received at second hand that in 200 autopsies 
in Lahore, India, lesion of the mitral valves had been found in 
seven cases. It should be remembered, however, that a small 
portion of the districts taken in by Lahore and Amritsar consists 
of mountainous regions to the north, on the slopes of the Hima- 
layas, which have not a tropical climate in the true sense, 

Biingeler’s investigation in Sao Paolo, Brazil, must be viewed 
from the same angle. He states that among 604 autopsies per- 
formed in this towm during the period 1936 — 39 he found no fewer 
than 54 cases of rheumatic affections and that there were 29 such 
among 207 microscopically examined cases of this kind from the 
years 1940 — 41, Sao Paolo, it must be remembered, although 
situated not far to the south of the tropical circle, stands at a height 
of over 800 metres above the sealevel, Bungeler also points out 
the difference in respect of both morbidity and climate bet-ween 
Sao Paolo and the not far-distant town of Santos, which has a really 
tropical climate. 

An investigation carried out by Getz in Panama is also worthy 
of mention, facilitating as it does the assessment of certain reports 
in the literature. Among 28,702 hospital cases in this town during 
a series of years he found 110 cases of acute febrile articular rheu- 
matism, a very small percentage in itself. On making a careful 
clinical analysis of these cases he found, hoAvever, that no un- 
doubted rheumatic affections could be demonstrated in any of 
them and that most of them consisted of tropical infections with 
joint-symptoms. 

In subtropical regions, too, rheumatic infection is compara- 
tively rare, and in any case is not an wide-spread disease to the 
extent it is in the subpolar halves of the temperate zones. Max- 
well found that rheumatic fever did not occur except in very rare 
cases within the subtropical portions of South China, although it 
was to be met with in the more northerly parts of China, appear- 
ing in greater frequency the further north one came. Nicholl found 
only sixteen cases of rheumatic fever or chorea minor among 
16,200 hospital cases in Miami, Florida.^ 

An archeological study by Jones is interesting. He found not 
a single case of arthritic changes — though certainly numerous 

^ See also Table 4 on p. 55 in Edstrom: Febris rheumatica. Lund, 1935. 
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arthroses - among 35,000 Egyptian nmmmies examined by him. 
Bigelow and Lombard mention, hoAVCver, that arthritic changes 
are reported to have been found by other investigator.s of Egyp- 
tian mummies. 


Another old medical observation is that many severe cases of 
rheumatism recover if they are removed from the subpolar halves 
of the temperate zones to subtropical or tropical regions, ibis 
observation dates all the way back to Hippocrates and thencefor- 
ward can be followed through the times. ^ During the twenties and 
thirthies of the present century Belgium, Great Britain, France, 
Holland, the U. S. A., as well as other countries with an unfavour- 
able climate from a rheumatic point of view but with colonies 
situated within the tropics, have made practical use of this obser- 
vation by establishing convalescent and sick homes for those 
suffering from rheumatism. 

A most careful medical study of some severe cases of rheuma- 
tic fever with frequent recrudescences, which had been transferred 
from the unfavourable climate of New York to Porto Rico, was 
made about ten years ago by Coburn. He found that the extre- 
mely malignant rheumatic process in all of the ten cases followed 
by him during their six months’ stay in the tropics came a stand- 
still. After their return to New York, however, some of llic cases 
had a relapse. Coburn’s final therapeutic results were: four jicr- 
manently recovered, one of which had however remained in Porto 
Rico, six had a relapse, three of which severe and three mild. Of 
these first three, two died and one relapsed into as severe a rheu- 
matic condition as before. Of those second three, one returned to 
Porto Rico and Avas permanently restored, the other two also re- 
covered from their relapse but no reliable infornmtion as to their 
subsequent fates has been available. 


Coburn’s most interesting observation was that the bacterial 
flora in the throat of these patients underwent a change during 
their sojourn in the tropics. During the last week in New York, 
before their departure to Porto Rico, cultivations from the throat 
disclosed he molytic streptococci in all cases but one. these cocci 


^ Sec also Eclstroni: Studies in naliiral and artifi( 
ions. Acta Med. Scand., Suppl. 01, Lmid, 1935, p, 1 ff 


atmospheric electric 
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being in abundance in eight cases. Three months later in Porto 
Rico Coburn found hemolytic streptococci in only one of all the 
cases, and even in this case these streptococci could only be spa- 
ringly detected during the last week in Porto Rico. After return 
of the patients to New York hemolytic streptococci recurred in 
five of the cases, and also though more uncertainly and tempora- 
rily in a sixth. 


These observations gave birth to the idea that by nxeans of an 
artificial tropical climate the same favourable effect might be 
achieved in rheumatic patients as the natural tropical climate 
had been found to exercise. The regulation of the climatical factors 
in a room or a house on a tropical pattern offers no great difficul- 
ties with modern air conditioning, especially if attention is con- 
fined in the first place to regulating the temperature and humidity 
of the air. Tliere are, however, many different t}'pes of tropical 
climate — tropical primeval forest climate, most resembling our 
Russian baths, with almost 100 % relative humidity, tropical 
coastal climate, tropical continental steppe climate, tropical desert 
climate with, on the other hand, very low relative humidity — but 
also other variations, ^^^lat is common to them all is the com- 
paratively high temperature of the air, the relative absence of cyc- 
lones and anticyclones with little climatic variability, and consi- 
derable but regular diurnal variations. 

The tropical chamber — or, as it should rightly be called,the 
climatic laboratory — was accordingly constructed so that (1) the 
temperature of the air could be adjusted between what is normal 
outdoor temperature witli us and 40° C., (2) the relative humidity 
of the air could be adjusted between 30 % and complete satura- 
tion, and (3) both these factors could be kept constant at the level 
desired rvith a very small range of variation (for air temperature 
about 1° C and for relative humidity about 10 %). 

Tlie design of the chamber will be clear from Fig. 1. An ordi- 
nary sick-ward with space for two beds has been provided with 
double walls, double ceilings and double floors Avith free air space 
between the tAvo layers. Tlie internal surface of the old AA'alls, 
ceiling and floor has been lined AAUth insulating material. Tire 
old double-AAu'ndoAV has been furnished AAuth another tAA'o inner 
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saslies — making altogether four window sashes inside one another 
(see fig. 4). The innermost air space between these sashes com- 
municates with the air space between the double walls, the space 
next to it with the air space under the window, where the ordinary 
heating radiator still functions. The outer sashes are coupled 
together as before. Tire space between the old door of the room and 
that built in the new wall has been arranged as an air lock, where 



Fig. 2. 


the staff and visitors stop a while to regulate the temperature of 
their clothes before entering the tropical chamber. Alongside this 
air lock is a large air drum that communicates ^vith the air jacket 
within the double walls, floor and ceiling. This drum is fitted 
with a large horizontal fan (see Fig. 2) that sets the air in motion, 
the latter then passing first of all a large heating coil, which heats 
it to the required temperature. 

■The air for the tropical room itself is drawn through a large 
drum from the open air. After passing through an air-conditioning 
plant in the corridor outside the room, it is blown into the tropical 
room through a central grating in the inner ceiling, surplus air 
being afterwards pressed out of the room through exhaust con- 
duits that run round the edge of the inner ceiling (see Fig. 3). 

If the regulating thermostats (see fig. 4) — one for the air 
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jacket in the walls, ceiling and floor, the other for the air of the 
room — are set at the same temperature, which has always been 
done here during the patients’ stay in the tropical room, there 



will he at most only insignificant temperature-differences 
amounting to same tenths of a degree between the air in the walls 
floor, ceiling, inner windows, and room. As a result there will 
be an absence of convection currents and very little air movement 



Fig. 4. 


in the lower parts of the tropical room, 
be entirely excluded. 


So-called draughts will 


Tire relative air Iramidity in tlic tropical room is adiusted bv 
means of a psychrostat. ^ 

After a period of testing to see what temperature and reh 
t.ve a.r Imrnidity were felt by tire patients to be asreenble and 
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Fig. 5. Contour chart indicating limiting welted areas associated with certain 
sensations of pleasantness (in the zone of evaporative regulation) in relation to 
air temperature and relative humidity. Actual mean comfort votes recorded 
for each region are indicated. (After Gagge, Herrington & W^inslow). 


agreeable we came to the same result as Gagge, Herrington and 
Winslow, (Fig. 5), viz. that chiefly 32° C was regarded by the pati- 
ents as verj’’ agreeable and that under this temperature they were 
not troubled by any perspiration worth mentioning if the relative 
hunnidity of the air was kept below 50 %. With increased humi- 
dity the patients preferred a somewhat lower temperature. 

For the following tests we accordingly stopped at a icmperaliire 
of 32° C and a relative humidity of 35 — 40 %, corresponding to a 
rather hot but relatively drj' tropical climate, a little drier and 
hotter than that of Porto Rico. 

Tlie room could accomodate two patients at the same time, 
and while there these were kept mainly in bed and were only 
allowed to be up a short while daily for toilet purposes and exer- 
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cise. They were allowed — if they could — to attend to their toi- 
lets themselves but were strictly told not to use cold water for the 
purpose. They had no other clothes than a couple of short knitted 
cotton breeches and the women a short cotton gown; sometimes 
they had over them a thin cotton sheet. For amusement they had 
reading and radio. No physical work, was allowed. A slight pers- 
piration occurred at times, especially after the patients woke out 
of a while’s deep sleep, but the perspiration was never of a trouble- 
some nature. A Philip’s ultra-violet radiator was installed in 
the room, and the patients were given up to 30 minutes daily irra- 
diation with this. Tliey received the same food as other jiatients 
of the clinic — though in comparalivelj'’ plentiful quantity so 
that they could choose to some extent. As vitamin preparations, 
beer-yeast and scorbon were given and, as in the case of the rest, 
salicylic preparations — with some exceptions, who received 
amidopyrine or no such preparation. Joint function was super- 
vised and medical movement therapy was given to the extent such 
was necessary. The treatment in these re.spects Avas not allowed 
to deviate to any extent from Avhat the other patients received 
Avhile they were inmates of the clinic. No hydrotherapy or other 
extra thermotherapy was however given to the tropical-ward jiati- 
ents. During their stay in this ward they were never allowed to 
leave it. Visits from without were permitted. Some of the pati- 
ents, especially the ladies, were troubled a little by this seclusion. 


During the first tAvo years (from October, 1911) tliat the climalic 
laboratory in the rheumatic department of the Lund Hospital has 
been m use 15 cases have been treated in it, seven of Avhich under 
tile diagnosis of FebrJs rheumatica and eiglit under the diagnosis 
of Polyarthritis rheumatica chronica. The. time may therefore 
be considered ripe to gK^c a first preliminary'- account of the results. 

Of these 15 patients, 13 AA--cre clinically typical but markedlv 
malignant cases of the tAvo types of the disease — the Febris- 
rieumatica cases resembled in much the previously mentioned 
Coburaian cases, willr several organs attacked, Iransfcrrcrt from 
New York to Porto Rico. One ot 11, e rlicumntic-fever coses (No. 
431/42) was compheated by n subsequently arising sepsis, under 
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vfhich picture it later terminated in death. One of the chronic- 
polyarthritis cases (No. 184/42) was a Still’s disease with its speci- 
fic clinical picture. Although this patient was certainly favourably 
influenced during his first stay in the tropical room, he soon fell ill 
again and was then no longer influenced in the same favourable 
manner, at any rate during his second stay in the tropical ward. 
All the cases were such as had not hitherto been improved under 
the customary therapy or had shown severe recurrences. 

During their stay in the climatic laboratory all of these patients 
had been subjectively well, liad slept well, and not been nervously 
irritated by the heat. An exception was a woman of 46 years with 
malignant chronic polyarthritis (No. 140/42), who at the same 
time suffered from mental depression and had been treated for 
this earlier. Her psychical condition became temporarily worse 
during her stay in the tropical ward, so that this had to be cut 
short. Nor were we able to obtain any considerable favourable 
effect of a permanent nature on the rheumatic process in this case. 

No change in body temperature level and in diurnal variations 
has been observed in these patients as compared wdth other patients 
of the department; nor in the pulse curves. The differences noticed 
appeared to be fully accounted for by the effects of the rheumatic 
infection, cardiac affections occurring in most of the cases. 

No effect on the rate of breathing could be observed either. 

Nor could any influence be traced as regards the morphology of 
the blood — the haemoglobin as Avell as the numl)er and type of the 
red and white blood cells showed no other changes than could be put 
in association vith the rheumatic infection. 

An interesting obseiwation was made, however, almost inune- 
diately after the tropical ward had been taken into use. At . both 
venipuncture of the cubical vein and finger-tip puncture we could 
observe a brighter red colour of the blood, that is to say, the same 
observation as Robert Mayer made on his sailors after arriving 
at the port of Surabaja 100 years ago and one that has subsequently 
been a constant observation in the tropics. We also succeeded in 
elucidating the cause of this (see Acta Med. Scand., 114, 470, 1943). 
It lay in the fact that the relative oxygen saturation of this venous 
blood had increased. On the other hand, the haemoglobin was 
unchanged. Mayer’s 100 years old hypothesis has thus been corro- 
borated. 
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As regards the blood chemistry, tlie first patients 'svere regularly 
exanuned in respect of their serum~Cl, serum-Ca, and senim-K. No 
displacements in these values could be detected. No doubt this is 
connected wth the fact that no very powerful perspiration occurred 
in these patients. Of course, an increased perspiratio insensibilis 
must have occurred under the influence of the raised outer tcm“ 
perature. It does not seem, however, to have been sufficient to 
cause variations in these salt values of a magnitude that could be 
detected by our routine methods of clinical examination. 

Those changes which Borchardt, de Langen and Schut, Sund- 
strdm d ah liave found in these values among individuals in the 
tropics would also seem, as most of these authors consider, to be 
associated with an increased perspiration. 

The total cholesterol values were displaced in some of these 
patients, but as these values are also displaced in the chronic 
forms of rheumatic polyarthritis, and as no exact investigations 
in this respect have as yet been conducted, this problem will be a 
matter for closer treatment in the future. The some applies to the 
Mood sugar (Cf. Andrews and Muether). 

Metabolism and calorie consumption. All food consumed by these 
patients before, during and after their stay in the tropical ward was 
weighed and measured, and the caloric value was then calculated 
by IClarin’s tables. The values obtained calculated as the mean 
values of three days were plotted into diagrams. Fig. 6 — 7 — 8 — 9 — 
10 . 


In some of the cases considerable fluctuations in food intake 
were found. However, if account is taken of all the accompanying 
changes in weight, and increased weight is calculated as stored fat, 
it %vill be found that in general the basal metabolism did not exhibit 
so great variations. 


Certainly there may be striking exceptions, as in case No. 
184/42, the juvenile case of chronic polyarthritis of the Still’s 
disease type. Here it is observed that on entering the tropical 
room the patient, ^yith a body weight of about 28 kg, had a total 
daily consumption of about 800 Calories. Tliis is quite too low a 
consumption as against what we consider to be normal for this age 
40 Calorics per kg, i. e. about 1.100 Calories. It will also be seen that 
the patient s weiglit MI during the nearest time. Tlie values arc 
however explained hy Ins extremely poor general condition and the 
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Nr. 368/41 O.V. B.D. b. 1912 
Diagnose: Febris Rheumatica. 



intense infection present at this time. The patient then began to. 
ittiprove slowly and there was a parallel increase in food consump- 
tion. It is interesting to observe that, although the rather striking 
clinical intprovement did not set in until after wellnigh three months,, 
the patient’s appetite began to increase much earlier. The coming 
clinical improvement can be foreseen on this diagram. The body 
weight of the patient was lowest in June-July, about 24 kg, and 
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Nf. iSiU) B I O. C b. 1927 
Diognose: Febris rbeumotico 



Fig. 7. 


Nr. 366/41 S. E. N. b. 1920 
Diagnose: Polyarthritis rheomolica chronico 
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Nr. 96/43 M.E.K.P. b. 1903 
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Nr. 350/42 H.A.H. b. 1893 
Diagnose: Polyarthritis rheumatica chronica 
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thereupon it began to increase. He still had fever. By the beginning 
of July liis food intake had reached about 1,400 Calories, which 
was more normal for his ' weight and age, his weight becoming 
stabilized. Then his intake of food slowly mounted to about 2,500 
Calories, his weight increasing in the same proportion. By tJie end 
of January, 1943, he weighed 39.5 kg. 

These great variations in food intake can however be explained 
partly by the patient’s poor general condition and febrile state 
during tlie first part of the time and partly by his increase in 
weight during the latter part of the time. A diminution in food 
requirements produced by the tropical climate is impossible to 
read. When the weight remained the same and the morbid process 
had calmed down in the month of July, the intake of food was at 
the normal value of about 1,400 Calorics for his weight, age and 
decombiture. 

If the otiier diagrams showing food intake were examined in the 
same way vith due reference to the infection and weight-curves of 
the patients, the same result was reached. On the whole, no other 
conclusion could be drawm from the investigations carried out here 
than that there had been no displacement in the total consumption 
of calories during the lime the patients had stayed in the tropical 
ward. 


In a casp or two — e, g. patient No. 3G8/41 — a slight increase 
in the consumption of calories was noticed during the weeks imme- 
diately following admission to the tropical ward. TJiis observation 
agrees ndth Knipping’s observation that sometimes a slight in- 
crease of this kind is obtained in the basal metabolism at the begin- 
ning of ))a tropical stayo. TJiis slight initial rise, however, passed 
off after a few weeks in those cases in wliich it occurred here. 


If a depression of the basal metabolism had occurred, i. e. if the 
second chemical regulation of temperature had entered into func- 
tion, it. would have been expected to take place chiefly during 
the latter part of the stay in the tropical room, when a certain 
amount of acclimatization ought to have been reached. As a matter 
of fact, in four of the cases — patients Nris 368/41, 84/43, 350/42 
310/42 - a slight depression of the total consumption of calorics 
could be read during this latter part. It must not be forgotten 
lowever, that in these cases the slay in the tropical room had 
brought about an improvement in the rheumatic process, with 
26 — Acta med. scandinav. Vol. CXVIl. 
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consequent changes in the body. During the state of infection, 
especially the state of fever, the basal metabolism was mostly 
increased. If this state was improved, return to normal condi- 
tions took place. An explanation on these lines cannot be entirely 
excluded here, even though the temperature was on the whole 
normal in these cases. It is possible, though, that a slight depres- 
sion — up to 10 % — in the basal metabolism had really occurred 
in these instances during the latter part of the stay in the tropical 
ward. A greater depression can be excluded with certainty in these 
cases as well. 

These results agree with what has been found in the tropics. 
For instance, Glogner, in the course of a journey in the tropics, 
during which he carefully measured his owm consumption of calo- 
ries, could not detect any alterations in it. Eijkman as well as 
Caspar! and Schilling also came to the same result, as did G. and 
0. Fischer and Borchardt later. On the other hand, Ozario de 
Almeida considers he found a lowering of the basal metabolism of 
about 15 % in the tropics of Brazil, Knipping, using more refined 
methods, arrived at about the same result (10 — ^20 %), as did also 
Sundstrdm. Finally, Young thinks he has found an increase, espe- 
cially during the very hottest rain period. 

Loewy considers that an explanation of these somewhat diver- 
gent results may lie in the fact that the processes of acclimatiza- 
tion and adaptation play a large part and exercise an influence 
when white people come to the tropics. This acclimatization, 
which during the first part of the time evokes an increased basal 
metabolism similar to the initial increase obtained here in some of 
the patients during their first few Weeks in the tropical ward, can, 
Loewy’s thinks, explain to a certain extent Knipping’s and Sund- 
strdm’s results, which were obtained on whites who had recently 
come to the tropics. Young’s result, on the other hand, is explain- 
ed by a hyperthermia that had arisen during the hottest rain 
period. 

The non-appearance, on the whole, of any change in the con- 
sumption of calories and in the basal metabolism under normal 
tropical conditions — the same result as obtained here in the arti- 
ficial tropical climate — also agrees with the results to which 
"Wezler and Thauer recently came in some physiological experi- 
ments (see fig. 12). 



CAN RHETJMATIG INFECTION BE INFEUENCED BY AN ARTIFICIAL ETC. 393 


These autliors conducted experijnents in a climatic chamber of 
similar construction to that used here, but in which the subjects 
were healthy individuals who were kept only a short while in the 
chamber under a temperature that was changed within wide 
limits. The experiments }delded the result that under physiologi- 
cal conditions, if oxygen consumption and metabolism are taken 
into account, three temperature zones can be distinguished: (1) 
a zone under 22° C with an oxygen consumption and metabolism 
that rise the higher the colder the outer temperature is, (2) an 
indifferent zone between 22° C and 36° C with relatively low oxy- 
gen consumption and metabolism, which falls somewhat with 
rising temperature — individually rather different — , (3) a zone 
above 36° C, again wth increased osygen consumption and meta- 
bolism, rising the higher the hotter the temperature. 

Wezler and Tliauer’s investigations thus agree with our results. 
With most individuals we have not any real diminution of the 
processes of burning in the organism at the degrees common 
in the tropics. The so-called second chemical regulation of tem- 
perature — about which so much conflict has waged — docs not 
at any rate function in the majority of indhnduals under tliesc 
conditions. But Wezler and Thauer’s investigations also supply 
an explanation for the somewhat divergent results at which a 
number of observers have arrived and which have also appeared 
in a couple of cases examined here, these authors ha\dng showi 
that certain individuals are rather labile as regards their heat- 
regulating mechanism. In these a rather pronounced metabolic 
minimum is found between 30° C and 36° C. 


It is self-evident that a displacement in the physical regula- 
tion of temperature occurs at these high temperatures of the air 
surrounding the body. At a contmon room temperature of 18 ° C. 
only about 12 % of the amount of heat produced in the hunran 
body is given off through evaporation of water from the body 
surface and the lungs, while about 8 % is lost by warming the 
food, and about 80 % by radiation, conduction and convection. 
At 29° C. with a not overhigh relative air humidity, however, the 
amount of heat lost through evaporation is, according to lOiippinn 
a out 70 % of the total, and at a temperature of 32 — 33° C. this 

mes, according to Borchardt, to 85 %. Grober’s figures agree 
with these (see Fig. 11). fa 
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Fig. 11. Amount of heat produced in the human body given off by very light 
clothes and stagnant air. (After Grober). 

An intervention of the so-called second chemical regulation of 
temperature might, therefore, be expected. That this occurs only 
in individuals of a rather labile constitution is rather suprising, 
but is in full agreement with, for instance, the results to which 
Edstrom came in regard to another climatic factor, viz. the electric 
air ions. Here, too, there is very great individual variation and 
many entirely insusceptible individuals. 

Of interest are the investigations of Hardy, Mildhorst and du 
Bois, according to which females show this so-called second chemi- 
cal regulation of temperature more often and more markedly 
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Fig. 12, The cxpcrimenls of Wczlcr and Thnuer in a climatic chamber. 'Die 
subjects •were healthy individuals who ■were kepi only a short while in the cham- 
ber under a temperature that was changed within widelimiLs. 

Pd — diastolic blood pressure; Pr — pulse rate; Ap — the amplitude of blood 
pressure; Vm — the minute volume of the heart; Vs — the cardiac output; 
IF — the active peripheral resistance to blood flow; 0. — oxygen consumtion 
pr minute; a-v Diff. — the arterio-venous difference (the utilization). After 

Thaucr & Wczlcr. 


than males. Tliese authors found a depression of the basal meta- 
bolism more often and constantly in young women than in young 
men, if the temperature of the outer air was raised from 22° C. to 
35° C. This difference between the sexes was not confirmed by 
Wezler and Thauer in their small material, but here, loo, there 
ought to be a wide individual variation. 

At temperatures above 36° C., finally, there sets in a hyper- 
thermia of the body with a consequent increased oxygen con- 
sumption and metabolism (Wezler and Tliauer) in the same way as 
in fever (du Bois). 

If attention is then directed to the percentages in which protein, 
fat and carbohydrates enter into the food eaten by the patients 
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during their treatment in the tropical ward, it will be found that 
especially the protein percentage is constant before and after 
this treatment. It keeps roughly round about 15 %. 

There are however certain deviations. To explain their im- 
port, however, the value of the different foodstuffs for the body 
must first be considered. Carbohydrates and fats are almost exclu- 
sively sources of energy. The principal function of the proteins 
in the body is to provide material for the building up of new tis- 
sues and for the metabolism going on in the cells. For the last- 
mentioned purpose we require roughly ten different anuno-acids. 
The value for the body of a protein thus lies in the quantity and 
kind of the amino-acids that enter into it. The animal proteins are 
from this point of view of fuller value than the vegetable. Work 
or rest influences the energy requirements but not the protein to.any 
noteworthy extent. To be well nourished, an adult requires about 
one gram of protein per kg daily — it is usual to calculate with 
about 80 gms per individual of 70 kg. The protein minimum, 
however, is lower, viz. about 45 gms, though at least one-half of 
this is animal protein. During growth and during fever as well 
as certain other morbid conditions more protein is required. 

The patients treated in the tropical ward, as already stated, 
were resting all the time, mostly lying in bed both during their stay 
in the ward and before, after as well as during the measuring of the 
foodstuffs. Under these conditions the protein requirement derived 
from the food ought to have been constant in percentage, unless 
the climatic factor had exercised an influence. Evidently there 
was no such influence. The deviations obtained, as in case No. 
184/42, are entirely accounted for by the infectious state at the 
time or by overfattening. This patient had, e. g. during the second 
month of his stay in the tropical ward, a relatively high protein 
percentage, averaging during this month 18.4 %. But at the same 
time the total absorption of calories was very low, about 800 Calo- 
ries, and he did not even get his normal protein minimum for ^ 
growring individual, which "was in this case further elevated on 
account of the fever then present. Towards the end of his treat- 
ment his absorption of calories rose to 2,500 Calories, but his pro- 
tein percentage dropped to 13 %. Now he had come into the 
fattening stage and he got more than his normal protein require- 
ment. 
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Even though the fat consumption and the carbohydrate con- 
sumption did not show the same constancy in these patients as 
the consumption of protein they exhibited no considerable varm- 
tions. In a couple of cases, though, some slight decrease in fat 
consumption and an increase in carbohydrate consumption were 


observable. 

Tliis relatively constant proportion between the different 
groups of foodstuffs was a very interesting finding. Certainly these 
patients had not had entirely sclf-sclccted diets, their choice having 
been limited by the hospital food offered them. However, this was 
intentionally abendant, and, as they were able to get extra food to 
the extent they desired, there was some degree of self-selection. 
Hence Jones’s results as to the constancy with which the indi- 
viduals maintain these proportions between the different groups 
of foodstuffs in selfscicctcd diets have been confirmed. 

As regards the consumption of protein, however, the financial 
standard of the individuals plaj-’s a certain role. Wlien tlie stan- 
dard is high, there is likely to be a higher protein consumption 
(\Vidmark). Tlie finding of a low protein consumption in a number 
of investigations on natives of the tropics — Maiy Rose, for in- 
stance, found that in the Bengali it was below the protein mini- 
mum and at 9 % of the food calorie value — is therefore probably 
connected more vnth social and economical standards than with 
climatological factors. The same may be said of Krogh’s values 
from Greenland. He found that the Eskimos of Greenland con- 
sumed a daily average of about 280 gms protein, 135 gms fat, and 


54 gms carbohydrate, or 44 % protein in terms of caloric value. 
It is certainly true that tliey felt extremely well on this fare, but 
wJien communications afforded tlmm the opportunity of getting 
more carbohydrates they partook of tliesc with delight and at 
present their carbohydrate consumption has substantially in- 
creased. It is therefore hardly justifiable to call their old fare a self- 
selected diet. Hoffman’s find that »the protein, carbohydrate and 
calory consumption is almost identical among the various pcoples», 
which he partly based on Rubner’s studies of the average food 
consumption of various peoples, Japanese, Italians, Russians, 
Germans, Frenchmen, Britons, Americans of the XJ. S. A and 
0 totral America, i. e, people living boll. i„ t,,e tropics and i„ 
lie temperate zones, must presumably still be considered correct 
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and is not contradicted by these investigations. The fact that the 
fat and carbohydrate consumption varies more than the protein 
consumption on transition from rest to work has already received 
mention in this papers Stepp’s and Voit’s observations in this 
direction probably rest on this base. 

In financially well-situated Europeans in the tropics Eijkman 
found a somewhat lower protein consumption and protein percen- 
tage in the food than in the corresponding group of people in Europe, 
from where they had come — 14.4 % as against 19.2 % — , but 
the investigation covered only a few persons and it is not quite cer- 
tain that their choice of food in the tropics had been entirely free. 


Circulatory conditions. Wezler and Thauer’s investigations 
have made it clear that with rising outer temperature and under 
ordinary physiological conditions there is, contrary to the case 
with metabolism and oxygen consumption, no indifferent zone 
in the case of the circulatory conditions. Neither are an oxygen 
consumption minimum and metabolism minimum of about 30“— 
36° C, represented by any corresponding minimum loading of the cir- 
culatory mechanism. The cardiac output and the minute volume of 
the heart present their minimumvalues under a common room tem- 
perature of about 18° C., whereas the active peripheral resistance 
to blood flow and the arterio-venous difference — the utilization 
— fall with rising temperature over the whole range of tempe- 
rature from common room temperature to 50° C. (see Fig. 12). 

Just as Wezler and Thauer were able to find a certain depres- 
sion of the diastolic blood pressure in their physiological material 
when the outer temperature had been changed from 20° C. to 32° 
C., so could the same slight depression also be observed in this 
material. This depression, which may be said to be a sign of the 
reduced active peripheral resistance to blood flowj is no doubt, 
like the abovementioned increase observed in the relative oxygen 
saturation of the blood in the more superficial arm veins, due in 
the first place to the fact that the arterio-venous anastomoses in 
the peripheral parts — chiefly fingers and toes — open up under 
the heat effect brought into play, in the same way as when the 
hand is held in hot water. 



CAN rheumatic INFECTION BE INFLUENCED BY AN ARTIFICIAL ETC. 399 

In the rheumatic states of disease — cliiefly tlie chronic forms 
of riieumatic polyartliritis — it is fairly certain that these anasto- 
moses as well as the' capillaries and the subcapillary arterioles are 
in a certain degree of spasm. It is principally this spasm which is 
relaxed in the tropical ward here and replaced by a state of con- 
siderable dilatation. Tlie peripheral vasoconstriction in these 
states of disease, which is a typical clinical feature (Edstrdm. 
Acta Med. Scand., 103, 90, 1940), and which is a foundation for 
several of the clinical syndromes so troublesome for the patients, 
is abolished at this temperature and a good peripheral blood supply 
takes its place. This can also be read from the relative oxygen 
saturation values obtained in the blood of the surface veins. In 
normal room temperature a relative oxygen saturation averaging 
51.3 % by volume was obtained (see Acta Med. Scand., 114, 470, 
1943), a value that is substantially lower than that obtained under 
ordinary physiological conditions — about 70 % by volume accord- 
ing to Liljestrand and Lundsgaard. After the patients were placed 
in the tropical ward with its 32° C. this relative oxygen saturation 
immediately rose to above 80 % by volume — here averaging 
81-5 % by volume. We have seen that no essential change in the 
metabolism and oxygen consumption in tbc tissues had taken place. 
So great a displacement of this consumption that it could be the 
cause of such a considerable rise can be excluded. Tlie cause must 
accordingly be an improved peripheral flow. 

This is also evident from the state of the skin temperature. In 
the chronic forms of rheumatic polyarthritis the peripheral parts 
of the body, especially hands and feet, have an exceptionally low 
skin temperature as a symptom of the impaired peripheral circu- 
lation (see Acta Med. Scand., 83, 523, 1934 and 103, 90, 1940). 
The same observation was also made on the patients examined 
here. But after transference from common room temperature to 
the tropical ward, 32° C., this skin temperature rose substantially 
and more powerfully than the skin temperature of the trunk. 
In some cases the interesting observation was made that the skin 
temperature of hands and feet was even higher than that of the 
trunk. This must imply a very poAverfuI dilatation of the arterio 
-venous anastomoses. A more detailed account of this will be given 



400 gunnar edstrom. 

The Clinical Status. 

All the febris rheumatica-cases were extremely malignant, with 
polyarthritic syndromes and an endomyocarditic syndrome. Only 
in one case was the latter missing. In one of the cases there was 
also a pericarditic syndrome, in three of them a nephritic syn- 
drome, in two of them a peritonitic syndrome. In two of the cases 
there was an encephalitic syndrome and in two a conjunctivitic 
syndrome. 

The case histories tell us, that the clinical status improved 
almost immediately after the patients had been admitted to the 
tropical ward, and that after even a couple of weeks all of them had 
a different and less affected appearance. Especially the cardiac 
function had changed for the better, the pulse rate had gone down, 
and in those cases in which dyspnoea and cyanosis were present 
these symptoms had vanished almost immediately. 

Tlie effect of increased outer temperature on cardiac incom* 
pensation has not been fully elucidated. The above-cited inves- 
tigations of Wezler and Thauer show that the cardiac output and the 
minute volume of the heart are slightly increased, whereas the active 
resistance to the peripheral blood flow and the utilization are 
reduced. The two first changes render the work of the heart more 
difficult, the latter render it easier. How does , the summation 
effect present itself? Mills, on the basis of a particular hospital 
clientele, has studied how the cases marked by heart incompen- 
sation not due to a violent attack of infection are distributed over 
the different months wth different mean temperatures (see Fig. 13). 
He has found a strictly inverted relation between the curve for the 
mean temperature and that for the average number of attacks. 
The higher the temperature, the fewer cases of heart incompen- 
sation. But the mean temperature in Cincinnati, where the inves- 
tigation in question was carried out, does not exceed 80° F. (27 
G.). Tlie experience gained in Lund suggests that the same rule 
also applies to somewhat higher temperatures, that in any case the 
temperature of 32° C. in use here with a comparatively low rela- 
tive air humidity of 35 — 40 %, under strictly resting conditions, 
has a beneficial influence on the functional state of the heart, 
which must quite naturally be of considerably importance for 
rheumatic-fever cases in which the cardiac affection co-domina- 
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Fig. 13. Number of heart incompcnsation cases among Ihc patients in the 
General Hospital in Cincinnati. The average number ol attacks not due 
to a violent attack of infection in the years 1920 — 38 show a strichtly in- 
verted relation to the curve for the mean temperature of Cineinnati in the 
years 1871—1937. After MILLS. 


tes Avitli the articular. This observation is of importance, as there 
seems to be a fairly -widespread view that a relatively high room 
temperature is not so advantageous for cases with a poorly func- 
tioning heart, 

A. nephritic syndrome was found in three of the cases. Two of 
these were relatively mild with good concentration power to thirst 
tests, normal urea-clearance, normal blood pressure, only periodic 
traces of albuminuria, and a few nullion red blood cells in the urine 
sediment on quantative tests. The syndrome in these cases subsided 
rapidly. 

Tlie third-case (No. 431/42) was complicated however. Tliis case, 
too, showed a striking improvement in the general condition at the 
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Fig. 14. 


beginning of the tropical treatnrent, 

during the first few months, but the rena sy P oneper miHe). 

sistent. with a relatively high the Mood 

numerous red blood cells in t lo urme sc ’ ^ j thirst 

pressure, non-protein nitrogen, mdikan, ged in 

Lt were normal. The blood sedimentation “^tlie 

this case as in all the others, falling allnost to ' g^^<,ina- 

process appeared to be in course of hea mg, eve SAdnptoms 

annulare efflorescences (Fig. 14) and transient articular sjdnp 

appeared off and on. , t ^ +Up throat flora 

Then an acute tonsillitis arose. Culture from ^^^^^olytic 

showed a pure strain of streptococcus ^cute 

in flat culture. Almost in^™«diately there follow e 
deterioration in the condition, chiefly m ^^^ney fun^ 
a somewhat elevated blood pressure and mere .piously 

nitrogen were registered. The patient, who ^ marked 

had ah encephalitic syndrome, again began to ex 
hypotonia of the muscles — jerkiness of the arms re 
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chorea minor and nervous restlessness. He was irritated by the se- 
clusion, and, as there was no change in his condition after some 
weeks, his stay in the tropical room was broken off and he was 
transferred to a sick-vv'ard with ordinary room temperature. After 
being taken out he did not become worse, neither did he get any 
better. Gradually, however, liis state deteriorated, and some 
months later he died of uraemia. The renal function, however, 
was not bad until the last few weeks; nor. was it bad during his 
stay in the tropical ward. 

Besides this case there was an encephalitic syndrome in another 
one, in both instances during the poor condition when the pati- 
ents were placed in the tropical ward. The symptoms consisted 
of marked muscular hypotonia, jerky movements of the choreatic 
type without being definitely choreatic, and a certain amount of 
mental confusion for some days. In one of the cases there w'as an 
acute psychotic state for some days with illusions and hallucina- 
tions. No particularly favourable or unfavourable effect could be 
observed on this syndrome by the transference to the tropical 
room, the course of the syndrome following the intensity of the 
total morbid picture in each case. 

The polyarthritic syndrome was obviously improved in all 
cases immediately after the patients were placed in the tropical 
w'ard. In this respect the most conspicuous clinical change occurred 
in the same way as in the cases of chronic rheumatic polyarthritis. 

Tlie total clinical improvement in all these cases after they 
had been placed in the tropical chamber ivas remarkable. It is to 
be noted, however, that ordinarily a good improvement also occurs 
in most of the rheumatic-fever cases after admission to a hospital 
with common room temperature and with the customary medical 
therapy. The cases treated here, hoTvever, were selected bad ones 
that had not improved earlier and that, as premously mentioned, 
much resembled Coburn’s cases. With the exception of the case just 
described that terminated in death from uraemia, all of these cases 
were discharged later free from symptoms, though certainly in a 
couple of cases with remaining scar-formations in the form of 
vitium of the heart. They have so far remained symptomless, 
and the patients have taken up full-time work or attended school. 

The throat flora of these patients Tvas regularly examined almost 
every w^eek by means of cultures before, during and after their 
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Table 1. 

Patients with febris rheumatica treated in the tropical ward of the Rheumalic- 
Deparlment of the Lund Hospital during the period Oct. 19il—^Oct. 19iS. 


Patient 

Age 

years 

Days in 
tropical 
ward 

Result 

Flat hemolytic 
^-streptococci in throat 

Imme- 

diate 

Final 

On 

entering 

On 

leaving 

0. V. B. D. 

28 

70 

good 

well 

+ 

_ 

B. I. 0. C. 

14 

106 

good 

well 


— 

A. D. 

13 

106 

good 

well 


— 

S. B. S. 

17 

126 

bad 

dead 

— 

— 

T. B. B. 

14 

79 

good 

well 

4* 

— 

P. H. P. 

17 

43 

good 

well ^ 

+ 

— 

M. 0. L. A. 

27 

53 

good 

well * 

— 

— 


^ These cases have only been under observation two months since the treat 
ment. 


stay in the tropical ward. In five of the cases ^-streptococci hemo- 
lytic in flat culture were found in fairly copious amounts at the 
time the patients entered the tropical ward, in no case on their 
leaving it. Nor did these bacteria recur in the flora afterwards in 
any of the cases, but the period of observation was short — only 
some weeks, and therefore it is not yet possible to pronounce any 
opinion on this tendency in the long run. 


All the chronic rheumatic polyarthritis cases were also selected 
malignant ones, with a rather severe polyarthritic syndrome. 
Four of them also had a peritendinitic syndrome, and one a neuri- 
tic syndrome. In two of them there was an endomyocarditic syn- 
drome. The pericardium was also involved in one of these, a juve- 
nile case clinically of the Still’s disease type, with considerable 
enlargement of the spleen. There was an achylia in one of the 
cases, and a keratoconjunctivitis sicca in another. In one of the 
cases a subcutaneous nodolus was extirpated that histologically 
presented a typical rheumatic-tissue picture. 

As will be found from the case-histories, the clinical condi- 
tion improved in all these cases, as in the acute series, almost 
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immediately after the patients had been placed in the tropical 
ward. Cardiac affection, when present, was influenced in the same 
way as was previously described for the rheumatic-fever cases: 
improved heart function was established. An extremely striking 
feature was that the blue-livid coloration of skin on hands and 
feet vanished in those cases in which it had been present. Both 
hands and feet assumed a rosy tint, warm with as already 
mentioned — a high skin temperature. 

The most powerful effect of the tropical treatment, however, 
was in most cases on the articular affection. A fairly rapid remis- 
sion was especially noticeable in the peri-articular oedema of the 
joints attacked as well as in the capsular swelling and any intra- 
articiilar. exudate that was present. That was a rule without excep- 
tion — the rapidity of the process imglit certainly be variable, 
but in all of these cases, even in those in which the final result 
was not so good, the objective status of the attacked joints im- 
proved very considerably in this respect during the stay in the tro- 
pical ward, while the subjective symptoms in the form of tender- 
ness on movement and on pressure in these less successful cases 
were not influenced so much. A characteristic feature was lliat 
in a couple of cases all therapeutic possibilities had been previously 
tried in order to ameliorate the considerable knee exudates, re- 
peated knee punctures. X-ray therapy, short-vave and other ther- 
motherapy, etc. without the least effect, the exudates having per- 
sisted for several months up to a couple of years. After a couple 
of weeks in the tropical room these exudates vanished without any 
special local measures. 

The peritendinitic exudates in the sheaths and bursae, although 
distinctly influenced, were effected less and more slowly tlian tlie 
corresponding processes in the joints themselves.' Tlie achylia 
was not affected, but the case in question w^as affected as a whole 
relatively little and belonged to those having a bad final result. 

As indicated in Table 2, the immediate result in seven of these 
eight cases was good. Tropical treatment of the eiglitli case had to 
be broken off on account of the presence of a depressio mentis. In 
four of these cases the final result was also good, and all of these 
four — I. e. one-half of these chronic polyarthritis cases — are now 
at full-time everyday work. In two of the others the rheumatic 
process started again after only a few weeks. No permanent effect 
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Table 2, 


Patients with polyarthritis rheumalica ch ronica treated in the tropical ward of the 
Rheumatic Department of the Lund Hospital during the period Oet. 1941~0ci 

1!>43. - 


Patients 

Age 

years 

Days in 
tropical 
ward 

Result 

Flat hemolytic 
^^-streptococci in throat 

Imme- 

diate 

Final 

On 

entering 

On 

leaving 

S,,E. N. 

21 

70 

good 

good 

_ 


K. G. G. J. 

11 

158 

good 


— 

— 

do. 

12 

' 114 

bad 


— 

— 

H.H. 

46 

49 

bad 


4- 


M. E. K. P. 

39 

111 

good . 


+ 

— 

H. A. H. 

49 

111 

good 

. bad 

+ 

— 

R. S. L. J. 

22 

75 

good 

good 

' + 

+ 

H. A. B. 

42 

64 

good 

good 

+ 


I. D. B. 

18 

36 

good 

good 

■ + 

“1“ 


was obtained in these two cases, both being about as bad as be- 
fore a few months after removal from the tropical ward. 

The seventh of the cases — that with Still’s disease — was 
interesting. On being placed in the tropical ward the patient 
was in an extremely miserable condition. (See Fig. 15). He had 
been in the hospital for more than one year without any real im- 
provement whatever, although his condition had shown variations 
in malignancy. He exhibited periarticular oedema and capsular 
swellings on most of the joints of the extremities, could not grasp 
with his fingers, and could not stand without help. He had high- 
grade muscular atrophy, heart affection, and a considerably en- 
larged spleen. During his first few months in the tropical ward 
he was relatively little influenced. His calorie consumption and 
assimilation of food during this time have already been men- 
tioned. After he had been three months in the ward, however, 
a remarkable change took place. He had a different appearance, the 
arthritis subsided relatively quickly, as did also the cardiac affec- 
tion, he ceased getting leaner and again began to gain weight. The 
erythrocyte sedimentation rate, which had been very high, dropp- 
ed to almost normal value. After his removal from the tropical wnrd 
this improvement continued and he was disharged from the hos- 
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pital, the first time, free of symptoms save for a still enlarged 
spleen and a faint murmur over the heart. His condition before 
(Fig. 15) and after (Fig. 16) the treatment can be seen from the 
illustrations submitted earlier. 

After some months’ stay at home, however, he had a relapse 
of an exceedingly malignant character and was re-admitted to the 
hospital in a highly febrile state, with violent arthritis and peri- 
articular oedema of most of the joints of the extremities, recurrence 
of his cardiac affection, considerably enlarged spleen again, and 
generally effected. Tlris time, too, tropical ward treatment was 
tried. The result was not so good, however, the boy this time 
being very impatient and ill at case in his seclusion. As he did 
not show any real tendencies to improvement after nearly four 
months treatment, this was broken off. He is still in a poor 
condition. 

Deducting the eighth patient, whose treatment had to be bro- 
ken off, the final result will thus be four cases free from symptoms 
and fully capable of work, three unimproved on the whole. 

The throat flora. Tlie throat flora of these cases as well was 
examined practically every week by culture before, during and 
after treatment in the tropical AVard. In six of the cases there were 
^-streptococci hemolytic in flat culture in fairly abundant quan- 
tity when the patients Avere placed in the tropical Avard. During 
the patients’ stay there, hOAA^ever, these cocci disappeared more 
or less rapidly and, Avhen the patients AA^ere discharged, AA'^ere found 
in only tAVo cases, though not in great numbers in either of them. 
In one of these, hoAvcA^’er, the patient’s stay in the tropical ward 
had been as short as 36 days. One of the cases, Asdiich during the 
whole treatment had never sIioaaui any hemolytic y8-streptococci, 
was the above-mentioned case of Still's disease. It exhibited the 
whole time streptococcus vididans, non-hemolytic, in practically 
pure culture. 


These experiments therefore, Avould seem to justify the conclu- 
sion that the artificial tropical climate brought about here seems to 
have the same effect on the throat flora in regard to hemolytic strepto- 
cocci as the natural, viz. they disappear in the great mafority of cases 
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nie hemolytic streptococcus seems not to thrive in the tropical 
climate. Hemolytic-streptococcal affections are, as a matter o 
fact, relatively rare in the tropics. Erysipelas, streptococcal ton- 
sillitis, streptococcal otitis, streptococcal pneumonia, scarlatina, 
etc. admittedly occur in a case here and there, but are rare every 
wh«-e in tropical climes with their otherwise numerous infec- 
tions. 

In this, then, the explanation of the fact that neither does the 
rheumatic infection thrive there? The question whether rheumatic 
infection is a hemolytic-streptococcal infection has long been on 
the tapis. Since a long time ago numerous voices have been raised, 
especially in the Anglo-Saxon countries, to the effect that this is the 
case. The chief obstacle that has stood in the way of a full eluci- 
dation of the question has been the fact that owing to the allergic 
nature of the rheumatic process great difficulties have been en- 
countered in direct attempts to detect the causative antigen (sec 
Acta Med. Scand., 103, 90, 1940). However, since this has been 
realized and research has been directed instead to ascertaining the 
extent to which antibodies arc present, the question has come 
considerably nearer solution. Now that Coburn, Tilletl, Periy, 
Hill, Bunim and McEwen as well as several other workers in the 


U. S. A. have shown that at any rate in rheumatic fever antibodies 
to hemolytic streptococci arc detectable in as high a percentage 
(between 90 and 100) as in undoubted streptococcal affections, and 
as the same results have been obtained in our northern countries 
from corresponding researches by Waaler in Oslo, Winblad in 
Lund, Lou and Kalbak in Copenhagen, and Packalen in Helsing- 
fors, I have to acknowledge, at least as my ovti personal view, that 
the question of the etiology of rheumatic fever seems to be solved. 


Rheumatic jever seems to be a hemolytic streptococcal infection. This 
docs not, of course, exclude llie possible occurrence of a .sym- 
biosis with a subvisiblc virus or suchlike. Tiie pathogenesis and 
the clinical picture are then essentially explained by the secon- 
dary reaction of the body, the allergic mode of reaction, in a way 
that has been clarified especially by Klingc. 

Obviously there is another etiology in solitary cases of what, 
wi lout rigid bacteriological analyses, we now call rheumatic 

ofth. mT on inlections 

e uc s, digestive cimal, and urogenitBl spliere. Strictly 
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speaking, however, these cases should not be called by this name, 
but should be labelled as allergic reactions attending these other 
infections. Just as the concept pulmonary tuberculosis was to 
some extent narrowed by the exclusion of a number of border-cases 
when this disease was explained as being due to the tubercle bacillus, 
in the same way the concept rheumatic infection must become 
narrower and clearer by the exclusion of a number of border-cases 
as a result of the determination of its etiology. 

In the case of chronic rheumatic polyarthritis — the second 
main clinical form of rheumatic infection — the question is however 
more complicated. Corresponding investigations have not given 
the same unanimous result here. Certainly a number or research- 
workers have also found here nearly the same frequency of anti- 
bodies to hemolytic streptococci as in rheumatic fever of a later 
stage (Blair and Hallman, PackaHn), but others have recorded 
a considerably lower frequency (Myers and Keefer, Winblad). 
A conceivable explanation of this might be that the antibody 
prpduktion in these morbid conditions is less pronounced, but 
probably the chief explanation lies in the fact that what we call 
chronic rheumatic polyarthritis is a less homogeneous entity than 
rheumatic fever. The former concept connotes morbid states of 
different etiology but with such similar clinical features that they 
cannot be classified by our present clinical and bacteriological aids. 
Here, too, the hemolytic streptococcus seems to play an important 
part, possibly of various size in different countries and climates, 
Irut the future delimitation of the concept rheumatic infection, 
with the hemylitic streptococcus as causative agent, will probably 

separate a considerably larger border region here than will be the 

case in rheumatic fever. 

The influence of tropical climate on rheumatic infection is there- 
fore entirely consonant with its influence on the other hemolytic- 
streptococcal infections, but it is to be assumed that on account of 
what har been stated above this influence is more uncertain in the 
case of the present concept of chronic rheumatic polyarthritis than 
in the corresponding concept of rheumatic fever. The experiment 
made here with artificial tropical climate also argues to this effect. 
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To A. B, Svenska Flaktfabriken, its chief, Mr. Gustav Olsson, 
and other engineers, as a result of whose technical skill and fmancia 
assistance the climatic laboratory has been designed and built and 
the investigations rendered possible, I hereby tender my verj 
deepest gratitude. 


Summary. 


In 1941 one of the wards in the Rheumatic Department of the 
Lund Hospital was re-eonstructed into a climatic laboratory so 
that the temperature and humidity of the air could be adjusted at 
jileasure between certain limits, lliis climatic laboratory has 
since been used as aa tropical chamber», that is to say, the air of the 
room has been kept at a constant temperature of 32° C and its hu- 
midity at 35—40 %, a relatively warm but dry tropical type. TJic 
ward contains two beds, Avhich have been occupied by rheumatic 
patients during the past two years, seven witli rheumatic fever 
and eight with chronic rheumatic polyarthritis. 

Tlic first preliminary results of these experiments are as follows: 

'Hie pcriplicral circulation has improved and increased in all the 
patients. The peripheral vasospasm has been converted into a 
peripheral vasodilatation. The temperature of the skin has been 
raised, especially of hands and feet, where at times it had been 
higher than on the trunk. Tlie relative oxygen saturation of the 
venous blood, m.easured at tlie V. cub. mod., lias increased. TJiis 
may also be expressed thus, that this arterio-venous difference 
has diminished. The diastolic blood pressure has fallen. 


Broadly specking, no changes in calorie consumption or in basal 
metabolism, have been o))served. However, there have liccn indi- 
vidual variations. Thus, the so-called second chemical regulation 
of temperature has not entered into function at this temperature 
of 32° C. in the majority of the patients. 

Of the seven rheumatic-fever cases, six became entirely free 
from symptoms and capabk of wking. One. died under a pic- 
are of sepsis after an acute tonsillitis (Sir. viridans) followed by ,n 
flam.ing up of nephritis and uraemia. ^ 

f ?’’* P»ly«rtl!ritis cases, four have become free 

om symptoms and capable of working. Two cases improved 
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temporarily but deteriorated again after the treatment so that 
the final condition was not appreciable better than the initial 
condition. One case — a juvenile arthritis of the Still’s disease 
type — improved very much during the first treatment but after 
return hom.e had a relapse, which could not be influenced by renew- 
ed treatment in the tropical ward. In one case the treatm.ent was 
broken off on account of a depressio mentis present at the same 
time. 

In 11 of the cases — five of the rheumatic-fever cases and six 
of the chronic-polyarthritis cases — cultures from the throat at 
the commencement of tropical-ward treatment showed hemolytic 
streptococci. In nine of these cases, these cocci disappeared during 
the stay in the tropical ward. The results in this respect, there- 
fore, agree with the corresponding results obtained by removing 
patients to a natural tropical climate. 

The tendency to recurrence after rem.oval back to common- 
room. temperature has not been especially striking, only one typi- 
cal recurrence having occurred. 
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Ti)e author has made a great many experiments on rats, mire 
guinea-pigs and rabbits with large doses of oeslrin. He implanted 
tablets subcutaneously and checked the reactions and tlieir resoi-p- 
tion. V. ^Vattcn^\ 7 l could not produce cancer on rats as L' ccasagne, 
neither could he produce cancer mammae on guinea-pigs. But 
he could produce precancerous epithelial proliferations, which 
disappeared, when the treatment had censed. V. Wnttenuyl veri- 
fies by means of test and good pictures thediscovories of Lipschiilz, 
who w'as able to provoke )jiyomata, rich in vessels, with large doses 
of folliculin. He warns against conclusions from animals being 
applied to human beings. One can not compare the large experi- 
mental doses until the therapeutic, wliich arc small and arc not 
given over long periods. The author chanced to find that the hair 
fell off during the treatment. He then studied the rcgrowlh and 
could prove that it was retarded by folliculin. It became quite nor- 
mal, if he stopped the treatment. He also showed, that the. e.xpe- 
rimenlal myomata disappeared, when tlic treatment was discon- 
tinued. 


Arnold Josef son. 




Ouvrages envoyes aux Acta medica scandinavica. 

Ragnar Magnusson: On the late results in non-opcrated cases 
of malleolar fractures. A clinical-rocntgenological-statistical 
study, r. Fractures by external rotation. 136 p. 41 fig. Acta 
cliirurgica scandinavica, vol. XC, supplcnicntuni LXXXFN , 
1944. 

Ludwig Szondi: Scliicksalsanalysc. Wahl in Licbe, Freundschaft, 
Beruf, KranWicit und Tod. Erbbiologischc und psychohygic- 
nische Problcme. XVI und 335 Scitcn niitzahlrciclicn Stamm- 
baumen und Tabcllcn. Preis: geb. sclnveiz. Fr. 26: — . Benno 
Scliwabe & Co, Vcrlag, Basel, 1944. 

Walier H. v. Wyss: Psychoph>"Siologiscbc Problcme in dcr Medizin. 
207 S, mit 1 Kunstdrucklafel. Preis: geb. schweiz. Fr. 14: — . 
Benno Sclnvabc & Co, Verlag, Basel, 1914. 

Arihur SioU: The cardiac glycosides. 80 p. 24 plates. Tlic Phar- 
maceutical Press, 23 Bloomsburj' Square, London W. C. 1. 
1937. 

Karl Rddmark: Tipping reaction in cases of vertigo after Jicad 
injury. An oto-neurological study. 133 p. 20 tab!. Acta Oto- 
laryngologica, Supplementum LII, 1944. 

Berlil Roos: Ober die Karies dcs Milchgebisses bei ICleinkindern 
mit besonderer Beriiclcsichtigung dcr Bedeutung ciniger sozia- 
ler und medizinischer Faktoren. Eine sozialnicdizini.sche 
Studie aus Sudschweden. 386 S. Acta Paedialrica, Vol. XXXI. 
Supplementum I, 1944. 

Gunriar Lundin: Mechanical properties of cardiac muscle. 84 p, 42 

fig. Acta physiologica scandinavica. Vol. 7, Supplementum 
XX, 1944. 



OUVRAGES ENVOY^S AUX ACTA MEDICA SCANDINAVICA. 

Esben Kirk: Klinik und Behandlung der Azidose mil isotonischer 
Natriumbikarbonatlosung. 261 S. 21 Fig. Preis; dan. Kronen 
18: — . Ejnar Munksgaard, Kopenhagen, Johann Ambrosius 
Barth, Leipzig, 1944. 

Jack Adams-Ray: Edema, hyperalgesia and paleness in surgical 
affections of the hand. A contribution to the knowledge of the 
therapeutic use of blocking of ganglion stellare. 104 p. XJpsala 
^ 944 . . . ... 

Jens L. Hansen: Aendringer i Ulcussygdommens Fremtraeden 
belyste ved en ny Sectionsstatistisk Methode. 314 s. Pris: d. 
Kr. 15; — . Ejnar Munksgaard, Kebenhavn 1943. 

Nils Lundgren: The auditory function after otitis media in infancy 
and earliest childhood. Audiometric after-examination of 
cases of otitis media, conservatively and operatively treated, 
together with an investigation of the pneumatization of the mas- 
toid bone after such cases. 156 p. Acta Oto-Laryngologica, 
Supplementum Llir, 1944. 

Gosia Herberts: The influence of infection on the distribution of 
sulfanilamide derivatives in blood, cerebrospinal fluid and 
tissue. An experimental and clinical study. 112 p. 25 fig. 
36 tabl. Acta Oto-Laryngologica, Supplementum LV, 1944. 

George W. Gray: Auf Vorposten der Medizin, Neue Wege der 
Kranlilieitsbekampfung, 519 S. 14 Abb. Preis; Schweiz. Fr. 
15.50. Rascher Verlag, 7urich, 1944. 

Fredrik Koch: Clinical and roentgenological studies of acute 
obstruction of the small intestines due to adhesions and bands. 
165 p. Acta chirurgica scandinavica. Vol. XC, Suppl. 88, 1944. 

Birger Herner: Die Wirkung von BenzoeSaure und verwandten 
Stoffen auf die Ammoniakbildung im Nieren- und Leber- 
Gewebe von Ratten. 99 S. Acta physiologica scandinavica. Vol. 
8, Suppl. XXiri, 1944. 



Acta Medica Scandinavica 


Vol. CXVII, fasc. V— VI, 1944. 


From 


the ICarlskoga Hospital, Karlskoga, S^veden. 


Intrasternal Administration of Heparin, 

By 

STIG LINDGREN and LENNART WALLDi&N. 
(Silhmillcd lor publication March M, 19'14). 


Tlie possible administration of medicaments to the body l)y 
the intra-osscous and intramedullary route has already been tlie 
subject of enquiry. One of the first in the field NYas Arnold Josef- 
son, who recommended in 1932 intra-osscous administration of 
liver preparations for pernicious anemia, after be iiad obtained good 
results from this type of injection. It was believed at that time 
that the effect of the injection was due to direct stimulation of 
the bone marrow. 

Since then, a number of observations have been made indicat- 
ing that the bone marrow and the blood stream arc in intimate 
communication. If a medium opaque to the roentgen rays is in- 
jected into the sternum it will be seen that not only is the contrast 
fluid accumulated in hok-like fonnations in the medullary cavity 
but that it is also being conveyed direct from this area into the 
emissary veins, the venae mamniariae internae. Other observa- 
tions have also proved that an injected contrast medium docs not 
remain locally concentrated but is rapidly transported into the 
blood channels. 

The rapidity and effectiveness with which this resorption takes 
place is best illustrated by the experiments which have been car- 
ried out on the intrastcrnal administration of large quantities of 
fluid, blood, and plasma. Henning (1940), and Tocantins and his 
collaborators (1941) have made a tliorough investigation on this 
2S — Ada med. scandinav. Vok CXVII, /r 










intrasteunal administration of heparin. 

1 and young babies in general, 

^HcU s^t .=o„e ahouM .e 



Fig. 5. This chart, which represents the concentration of snlfapyridine in the 
blood after injection of 10 cm® of 20 per cent sulfapyridine, illustrates the rapid 
transference to the blood stream which takes place in connection with intra- 

stemal injection. 

chosen for the injection rather than the sternum,. With a syringe 
holding 20 cm®, 40 cm® can be injected into a newborn infant in less 
than ten minutes. 

When thrombosis patients are treated with heparin it is not 
infrequently found that the veins cannot be used for the injections. 
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This category' of patients arc often obese, Tvith veins already badly 
damaged by much puncturing. But heparin must be given by the 
intravenous route. If it is introduced by subcutaneous or intra- 
muscular injection, it has no effect whatsoever on the coagulation 
time. When we tried administering heparin intrasternally Ave ob- 
served that ihe effect on the coagulation time was the same as when 
it was given intravenously. The prolongation of the coagulation 
time reaches its maximum within half an hour, and the effect lasts 
for two, three or even four hours just as it does in the case of intra- 
venous administration. This feature is illustrated in the append- 
ed diagrams. 

Technique. The instrument we have employed for the purpose 
is the ordinary sternal puncture needle known to all internists. It 
is thrust into the sternum, in the same way as when samples are to 
be taken. It is not difficult to bring the needle into the correct 
position. The point ought notto be pressed too hard against the 
back of the bone, and care must be taken not to perforate into the 
mediastinum. The puncture should be made at an oblique angle, 
into the manubrium or the corpus sterni. Proof of the fact that the 
needle is in the right position can be obtained by removing the 
mandrin and aspirating about one-tenth of a cubic centimeter of 
the marrow into the needle, or by testing whether the hemosal 
will flow in without encountering resistance. 

For heparin treatment, it is necessary that the injections 
should be carried out at regular intervals both day and night. It is 
not necessary, of course, to make a fresh puncture for each injec- 
tion; the needle can remain in the sternum. This is not diffi- 
cult. It lies firmly in the bone substance, and it is much easier to 
keep it there than it is to keep a needle fixed in a cubital vein. It 
should be packed with balsam of Peru and felt padding in the 
same way as is done with the wire at fracture extensions. The 
longest time we have kept a needle in the sternum is one week- But 
by that time the skin was red and tender around the needle. No 
serious infection has occurred in connection with our cases, ho^Ye- 
ver. One week is perhaps unnecessarily long to keep the needle in- 
serted in the same position, as it can so easily be removed from 
the manubrium to the corpus sterni, and vice versa. In order to 
protect the needle from knocks, we generally make use of a steel- 
frame mask of the kind commonly used for administering anesthe- 
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tics. This is arranged over the needle like a hood and held in place 
with sticking plaster. 

The diagranis show the data obtained from cases in which 75 
mg of heparin had been injected ever}^ six hours during tlie entire 
24 hours, in connection with •which the prolongation of the coagu- 
lation time was detemrined at certain intervals. This effect appe- 
ared with the same regularity as in the case of intravenous adnrin- 
istration. 

The method is recommended as an improvement in technique. 


Summary. 

The intrasternal method of administering heparin produces 
the same effect on the coagulation time as intravenous injection. 
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Paroxysmal Paralytic Hemoglobinuria. 

By 

ASGER LOUW and HOLGER E. NIELSEN. 
(Submitted for publication February 10, 1944). 


The disease which \sill be mentioned in the following is an 
extraordinarily lare lesion, as only 4 cases have been mentioned in 
the literature. None of these publications came from the Scan- 
dinavian countries. Tnrough the differential-diagnostic considera- 
tions concerning the case to be reported here and through its pos- 
sible relation to certain muscular dystrophies, however, this case 
appears to offer considerably greater prospects than might be 
expected from the infrequency of the disease, and hence a detailed 
report of this case will seem appropriate. 

The disease belongs to the so-called hemoglobinurias, which 
in the vider sense of the term means the appearance of free hemo- 
globin in the urine, which in these conditions usually is from dark 
brown to reddish in color. This group of lesions was first differ- 
entiated from the hematurias proper by Ponfick in 1883; and, as is 
well known, in practice the simple criterion of differential diagno- 
sis is obser-ved: in hemoglobinuria the urine gives a strong reac- 
tion for blood in the chemical test, while on microscopy it shows 
but few red blood cells or none at all. 

Hemoglobinuria may be found under various morbid condi- 
tions, the more important of which are listed in Table 1. 
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Table 1. 

Survey of Occurrence of Hemoglobjnuria. 

A. Exogenous: 

1 Infections: Typhoid fever, malaria, scarlet fever, sepsis, 
puerperal infection ^Yilh Bac. pcrfnngcns. 

2. Poisoning: Chlorates, phenols, pyrogallol, quinine, sul- 

fanilamide and its derivatives. 

3. After blood transfusion. 

4. '»Haff disease'). 

5. Fauism. 


B. Endogenous: 

1. Cold-hemoglobinuria. 

2. March-hemoglobinuria. 

3. Chronic hemolytic anemia (Marchiafava type). 

4. Paralytic hemoglobinuria (myoglobinuria). 


The last two subgroups of the exogenous hemoglobinurias arc 
to be mentioned briefly, as they have not been dealt with previ- 
ously in the Scandinavian literature. 

»Haff disease)) (Haffsucht, Haffkrankhcit) is named after the 
large shore-lakes (Haffe) found in the vicinity of Konigsberg, in 
East Prussia, and in this connection, especially Frisches Haff. 
Large cellulose factories arc located here, the waste-water of which is 
led out into the Haff; and this YVaste-watcr contains large amounts 
of poisonous pitch compounds. Certain fishes (especially eel), 
living in the haffs, get sick in this milieu; and when the iish is 
caught and eaten by the local inhabitants, the people become ill 
with attacks of muscular pain, stiffness, difficulty in walking and 
hemoglobinuria, which on further examination is found to be due. 
to excretion of muscle hemoglobin. If the illness terminates 
fatally, pronounced degenerative processes are found in the striated 
musculature,' which is pale, reminding of the flesh of fish. As will 
be evident from the following, in several respects this disease 
reminds of paralytic hemoglobinuria. 

The last of the exogenous hemoglobinurias entered in Table 1, 
favism, IS named after the bean Vicia fava, which is particularly 
common m the Mediterranean countries,, especially Sicily and 
South Italy. It has now been established that inhalation of the 
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pollen of this plant or intake of its beans makes people ill ^vith 
lassitude, fever, rapidly developing anemia and jaundice, besides 
abdominal pain - and hemoglobinuria; The affection is assumed 
to be due to an allergic reaction elicited by proteins in the plant 
concerned; and it appears as if the persons affected in this ^vay 
have to be sensitized beforehand. So this form of hemoglobinuria 
may be looked upon as a transition to the othei large group — the 
endogenous hemoglobinurias — all of which as a rule are paroxys- 
mal in their appearance. 

In this group cold-hemoglobinuria is the most well-knoAvn, 
etiologically as well as pathogenetically. The characteristic fea- 
ture of this form is that the patient has attacks of pain in the back 
and over the loins, rise in temperature, sometimes with chills, and 
hemoglobinuria. On more thorough examination of the patient he 
is nearly always found to be syphilitic (over 95 % of the patients 
give a positive Wassermann reaction), that the attacks are preced- 
ed by chilling of the body, and that the attacks may be provoked 
by the chilling of an extremity (hand, foot) placed in ice-water 
for a few minutes. In the serum of these patients Donath & Land- 
steiner have demonstrated the presence of an agglutinin which in 
cold — i. e., in the peripheral parts of the body on exposure to 
cold — unites with the red blood cells of the patient, and at the 
higher temperature in the inner parts of the body produces hemo- 
lysis (in the presence of complement). Tire affection is cured by 
antisyphilitic treatment. 

The next form, march-hemoglobinuria (hemoglobinuria from 
exertion), is far more infiequent, as only twenty odd cases have 
been reported in the literature. It appears especially in soldiers after 
long marches. It differs from the preceding form in the absence of 
syphilis in the history of the patient, in not being elicited by expo- 
sure to cold (whereas it is provoked by physical exertion, especially 
in upright postuie), negative outcome of the chilling test and 
negative Donath-Landsteiner reaction. Possibly the degree of 
the lumbar lordosis plays an etiological role, making this affec- 
tion somewhat related to orthostatic albuminuria. The pigment in 
the urine is blood hemoglobin. The prevailing view is that this 
form of hemoglobinuria is not a result of pronounced intravascu- 
lar hemolysis but more likely limited to the renal vessels, and 
perhaps brought about by the lumbar lordosis. The disease is 
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quite harmless; the patients recover spontaneously - without 

any active treatment. . 

riie next subgroup is a form of hemoglobinuria due to a special 

hemolytic anemia, which was described first by Marchiafava in 
1911 and is characterized by the following features: 1) hemolytic 
non-hereditaiy^ anemia, often accompanied by jaundice; 2) pai- 
oxysmal pains in the back and abdomen, often accompaniml by 
fever; 3) recurrent nocturnal appearance of liemoglobiniiria. 
Cases have been reported from Sweden by Bergmark and Salen, 
from Denmark bj' Arndal and Brendstrup. 

The last form entered in Table 1 is the most infrequent of all 
the hemoglobinurias: the paroxysmal paralytic hemoglobinuria 
or, more correctly, myoglobinuria, as will be evident from the fol- 
lowing. Tliis form of hemogloliinuria appears as paroxy.smal 
pains in the legs, loss of muscular power increasing to paresis which 
may subside or lead on to death. During the attacks liie urine 
is dark reddish-brown owing to hemoglobinuria. Extensive, degen- 
erative processes are found in the muscles. The disease has a 
tendency to remissions. 

As mentioned in the introduction, only 4 cases of this disease 
have been reported so far, on which account it will be reasonable 
here to review these cases. The first description of the disease 
was given in 1911 by Meycr-Bctz, of Munich, in an excellent paper 
w'ith a thorough and detailed account of the new disease, so that 
the following reports added no new essential feature to the noso- 
graphic picture of the lesion. 


Pt. No. 1 [case reported by Meycr-Bctz in IDll): 

The patient was a hoy, 13 yeans old. At tlie age of 9 years, a brief 
period with muscular weakness and black urine. In the following year 
(1907) a similar attack. As examination revealed alropliy of the imiscu- 
lature of the shoulder girdle, while the gaslrocnemii were largo, tense and 
hard, progressive muscular dyslropliy utis diagnosed. Two years later 
again a severe attack accompanied by abdominal pain and pronounced 
pareses The urine was bloody for 2 days. The diagnosis was muscular 
dystrophy and hemorrhagic nephritis, till the author demonstrated that 
lemoglobmuna was involved, as.sumingil to bo an instance of methemo 
g obmum The boy, ,vho at one Itao was moribund. TJoZj tZ 
pareses subsided completely, and at the discharge of the patient there 

TJm contraction of the Achilles tendon on one side 

The next case was reported in 1924 by Paul, of Vienna 
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Pt. No. 2 \case reported by Paul in 1924). 

The patient was a woman, aged 42, who suddenly became ill with 
chills, fever, pain in the extremities and abdomen and reddish-browm urine, 
due to hemoglobinuria. Later the clinical picture was dominated by diar- 
rhea and increasing pareses of the extremities. The patient died on the 
15’ day of illness. Autopsy revealed extensive wax-line degenerative chan- 
ges in the musculature (extremities, diaphragm, abdomen). The muscles 
involved reminded of the flesh of fish. Histological examination showed 
fragmentation of the muscle fibres, considerable growtli of the interstitial 
tissue and involvement of the perimysium. In several areas heaps of 
delicate and faintly staining muscle fibres were seen, characterized by the 
presence of numerous swollen nuclei poor in chromatin — which changes 
were interpreted as products of a faint tendency to regeneration. 

Also Case 3, reported by Gunther of Leipzig in 1924, terminated 
fatally. 


Pt. No. 3 [case reported by Gunther in 1924): 

The patient was a man, 54 years old, who suddenly became ill wth 
an influenza-like lesion associated with fever, chills, dedolations and 
weakness. 3 weeks later the urine was dark-colored, and now extensive 
pareses appeared, so that the patient was unable to move about. He died 
with signs of cardiac insufficiency. Examination of the urine showed 
hemoglobinuria; but the author staled that the color of the urine was 
hardly due to blood pigment but presumablj'’ to muscle pigment. On 
autopsy the muscles were found to be very pale; and microscopic exami- 
nation showed extensive degenerative processes in the muscles. 

The fourth case was reported in 1925 by Hitlmair, of Vienna. 


Pt. No. 4 [case reported by Hittmair in 1925); 

This was the case of an adult woman which was of particular interest 
because the patient gave a family history of disposition to this affection. 
Her brother had had similar attacks — once in childhood and 5 — 6 times 
in youth — with lassitude, indisposition, pains in the extremities and dark 
urine. During the attacks he was unable to move about. 

Apart from attacks of migraine, the patient gave a past history of good 
health. In 1923 — 24 she had 4 attacks of her present illness with dark urine 
and pareses. Each attack was acute in onset and took a serious course. It 
appeared as if muscular exertion had a provocative effect. Abdominal 
discomfort and muscle pains were very pronounced syinptoms. The 
muscle pain and the pareses commenced in the lower extremities but 
extended up to the occipital musculature, whereafter they regressed. Spec- 
troscopic examination gf the urine showed the presence of oxy- and methe- 
moglobin, but the author assumed it was a question of excretion of muscle 
hemoglobin. 
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Besides describing their cases, the four above-mentioned authors 
also discussed the character and nature of the disease. Mcyer-Betz 
considered thorough^ its relation to progressive muscular dystro- 
phy, to which the lesion in his case presented a striking resemblance. 
W, he did not think the two diseases were identical, and he con- 
sidered it most likely that in paralytic hemoglobinuria it is a matter 
of a noxious substance, toxic or infectious, which attacks both 
the blood and the musculature. Paul subscribes in part to the view 
advanced by Meyer-Betz, and he likewise points out certain analo- 
gies to the paralytic hemoglobinuria in horse (sec below), with 
-which he classifies the disease, calling it myopathic hemoglobinu- 
ria. Hittmair and Gunther added nothing fnndamcnially new in 
their considerations concerning this lesion but inicipreled it as a 
sudden intoxication of obscure origin wdth damage to the muscu- 
lature. 

In the veterinary pathology, as mentioned, there is a not alto- 
gether infrequent disease — paralytic hemoglobinuria in horse — 
which greatly resembles the paralytic hemoglobinuria in man, on 
which account it will be mentioned bricflj' here (for literature, see 
the wwks published by Carlstrdm, Sweden). Equine hemoglo- 
binuria occurs especially in horses whicli have been standing in the 
stable for 1 — ^2 days (as often is tlic case during week-ends) and 
in wiiich time they have been fed verj’ w'ell. Wien such animals 
commence w^orking again they may have stiffness and soreness 
corresponding to the musculature of the liiiid legs and loss of mus- 
cular power increasing to complete paresis, so that the animal 
breaks down. The urine is dark red, and recently this color lias 
been demonstrated to be due to the appearance of muscle pigment 
in the urine. The disease may he quite transitory, lasting only a 
few days, hut it has a tendency to relapse. In other cases the 
affection extends to involve otlier muscle groups too, terminating 

totally; and autopsy reveals pronounced degenerative changes 
m the muscles. 

In the following an account wall be given of our own case. 


Pt, No. 5 [writers’’ case): 

r„ .he other's family there are said to L’.' hee„ aovcral cases o 
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ftmuscwlar affection* of disabling cbaracter (disposition -will be taken up 
later). 

The boy was perfectly well till the age of 4 years, whereafter he has 
had repeated attacks of muscle pain and difficulty in walking. IVhen 
running about playing he sometimes suddenly would stop and cry, com- 
plaining of pain in the legs. During such attacks it was impossible for 
him to walk; and the parents noticed that during the attacks, which as a 
rule were very brief and transitory, his calves were thick, firm and tender 
to touch. These attacks of muscle pain and loss of muscular power have 
since recurred not infrequently. The mother further stated that during 
the attacks the urine had occasionally been bloody — which information 
we did not pay particular attention to at first. 

Physical examination revealed no abnormality except that the muscu- 
lature of the calves perhaps was rather robust. The boy looked healthj' and 
normal; mentally he presented no particular abnormality. Neurological 
examination showed normal conditions, no atrophy was found and the 
muscular power was good. 

Of the laboratory tests it Avill suffice here to mention that Wassermann 
was negative, sedimentation rate 4 mm, hemoglobin 99 %, serum cal- 
cium 10.6 mg %, and the urine contained no sugar or albumin. 

In order to obtain information about the boy’s capacity for work and 
po^ver of endurance, "we let him work on a bicycle ergometer: 360 kg per 
min. — a not inconsiderable amount of W'ork for a boy of his age. He did 
this work in 20 minutes without any particular inconvenience. 

Thus our examination of the boy turned out rather negative but with 
a view to the family disposition to muscular affection, together noth the 
pain in his legs and slight hypertrophy of the musculature of the calves, the 
diagnosis recorded at his discharge on 21/7/43 was: Incipient progres- 
sive muscular dystrophy? As mentioned above, this was also the diagno- 
sis first made in the case reported by Meyer-Betz. 

3 weeks after the discharge, the father returned to the hospital with 
the boy. The boy had just commenced school, wdien on his way to the 
school baths he suddenly^ became ill with intense pain in the legs; and, 
like before, he had difficulty in walking. These phenomena became worse, 
when the boy reached the swimming pool where he hid himself because 
he was unable to walk home. The father found him a couple of hours 
later rather exhausted, complaining of pain in the legs, and then the father 
brought him directly out to the hospital. Now the boy gave an impres- 
sion of marked exhaustion; he was pale and chilly; and he complained of 
pain in the abdomen and in the legs. His gait was very laborious, wadd- 
ling, and it was plainly noticeable that walking was associated with pain. 
The gastrocnemii Avere tense, tender and considerably more voluminous 
than on his first admission; the patellar reflexes were a little weak. The 
boy returned to his home and was put to bed. On the following day the 
family physician sent us a specimen of dark reddish-brown urine, which 
the boy had voided. The urine gave strong reactions for albumin and blood; 
but no red blood cells tvere found on microscopic examination of the urine. 
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e this was an instance of hemoglobinuria, on 
hos’nitalization of the patient; and he was readmitted from - 

The hoy had now got OAmr his attack, the wine was again light in color, 
and ™ found nothing ne,v on physical examination. We were now m- 
dined to combine the hemoglobinuria wnth the previous diagnosis o 
progressive muscular dystrophy, assuming that there might be an instance 
of myoglobinuria, as we found this disease described m the literature. B 
fore mentioning why we decided on myoglobinuria, however it will be 
appropriate briefly to mention the outcome of the ordinary laboratory tests. 


O>o 





ir 


Fig. 1. Absorption bands in myoglobinuria. 

Spectra from; 

I. Urine of the patient with myoglobinuria. 

II. Blood of a normal subject. 

Hemoglobin 100 %. Red blood cells 4.32 mill. White blood count 6200. 
P/afelet cownt 150,000. Reticulocytes %%. Plasma color 5 (Meulengracht). 
Osmotic resistance: Beginning hemolysis at 0,44 % NaCl; total hemo- 
lysis at 0.35 % NaCl. Differential count: Neutrophils 43 %, lymphocytes 
51 %i monocytes 6 %. Cold test, negative. Donath-Landsteiner agglutinin: 
0 (the test was kindly performed by Dr, P. V. Marcussen, the State Serum 
Institute). Blood group: B — ^jVI. 


With a view to the spectroscopic examination we had collected 
the urine from the first days of illness and stored the portions in a 
refrigerator. The urine voided during the attack, as mentioned, 
was dark reddish-hrown, reminding of port wine. On the following 
day the urine was already noticeably lighter in color thougli still- 
dark brownish. Three days after the attack the urine was normal 
in color (light yellowish). 

The outcome of the spectroscopic examination is presented 
in Fig. 1 1 Suitable dilutions were made of hemolysed blood from 
a normal person (in Fig. 1 designated as 11) and of the patient’s 
urine (m Fi g. 1 designated as I), and at the examination it was 


MUis examination was performed in the Chemical TnsHtnfo tt • 

this valuable assiiltic’i! ivUlm,?? tbit? ''"Ithtsawss lor 

throosh this SomZt’lol, 
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practicable to observe the two spectra at the same time and thus 
compare them easily. In Fig. 1 the two characteristic bands for 
oxyhemoglobin will be noticed; the bands for the diluted urine 
remind greatly of this picture but are shifted somewhat to the 
left, i. e., towards the red field in the spectrum. On measuring, 
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Fig. 2. I. Oxymyoglobin. 

II. Oxyhemoglobin. 

Ordinate; Extinction coefficient. 

Ab-scissa; Wave length in A. U. (after Theoreil). 

this shift was found to be about 50 Angstrom units, their location 
Leing about 5750 and 5350 A. U. As is evident from Fig. 2, these 
features are just characteristic of myoglobin. 

Fig. 2 is reproduced after a work by Theoreil, Sweden, whose 
particular accomplishment has been to define the molecular weight 
spectrum, oxygen combining curve and other aspects of myo- 
;globin. The two curves for oxymyoglobin and oxyhemoglobin 
resemble each other a good deal, but in comparison wth oxyhemo- 
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gloWn the apices for oxymyoglobin are shifted ^ 

feft, apd for myoglobia the apices to ‘he l^ation 

the absorption bands) are seen at 5750 and 5350 A. . I 
observed on spectroscopic examination of the patien s urine, 
there could be no doubt that here we were dealing tvith an instance 

of muoglobinuria. ^ , 

Of other examinations, mention is to be made of the behavior 
of crealinin in the urine. The creatinin determinations on the 
urine are recorded in Table 2. 


Table 2. 


Creatinin Delerminations on the Urine of a Patient with Myaglobimiria. 


12/8: Preformed creatinin 0.947 g per 1000 cm® 


Total » 

15/8: Preformed » 

Total » 

18/9: Preformed # 

Total » 


2.335 g » i> » 

0.942 g » » » 

0.925 g » » » 

1.20 g i> » » 

1.19 go » » 


As is well known, the difference between the total and the 
preformed amounts of creatinin gives the creatin excretion, and 
normally the total and the preformed amounts arc identical, t. c., 
there is no creatinuria. From Table ,2 it is evident, however, that 
during the attack there is a rather considerable creatinuria, whicli 
soon disappears and is absent outside the attack. Creatinuria 
is known to occur in a number of different morliid conditions but is 
encountered above all in various muscular and neuromuscular 
lesions — in particular, in patients suffering from progressive 
muscular dystrophy. It was only natural, then, that this tempo- 
rary creatinuria in our patient made us even more interested in the 
muscular affection which was said to occur in the mother’s family. 

With the assistance of general practitioners, hospitals and 
members of the family we succeeded in obtaining a pedigree of 
the family, which was scattered all over Jutland, though mostly 
Western Jutland The pedigree which is presented in Fig. 3, com- 
prised five generations; and from this chart it will he noticed that 
the family included 8 cases of progressive muscular dystrophy — 
besides our case of paroxysmal paralytic myoglobinuria. Only 
males had this affection, but women did appear as conductors, 
I. e., the inheritance was recessive and sex-linked. The progenitor 
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sence of previous periods with dark or black urine such as ob 
served in our patient. 

Naturally the occurrence of our case of paroxysmal paralyt c 
myoglobinuria in this family vnth progressive muscular atrophy 
raises the question: Are these cases different forms of the same 
disease? For elucidation of this question, in Table 3 we have entered 
the more important features of the two lesions for comparison. 


Table 3. 


Onset 

Course 

Aluscles attacked 

Creatinin output 
Hemoglobinuria 
Pathological anatomj'’ 


Pamhjiic myoglobinuria 

sometimes in childhood 
acute, with remissions 
proximal groups 
(hjTierfrophic calves) 
periodical crealinuria 
4- myoglobinuria 
Palo muscle fibres. 
Deterioration of the con- 
tractile substance. 
Indistinct striation. 
Degeneration, fragmenta- 
tion of muscle fibres with 
increase in number of 
nuclei. 


Progressive muse, dystrophy 
(hypertrophic type) 
in childhood 
chronic 

proximal groups 
(hypertrophic calves) 
permanent crealinuria 
— (?) myoglobinuria 
Pale atrophic muscles. 
Increase in the intersti- 
tial con. tissue and fat. 
Indistinct striation. 
Degeneration, fragmen- 
tation of muscle fibres 
with increase in number 
of nuclei. 


From Table 3 it will be noticed that there is a great deal of 
resemblance between the nosological findings in the two condi- 
tions; and tlie idea suggests itself that the etiology of the two 
lesions may be the same; some abnorm.ality in the muscular meta- 
bolism of creatinin, which in patients with paralytic myoglobinuria 
js active only for a shorl time, giving an amlc lesion associated 
with injury to the musculature which may recover partially be- 
tween the attacks, whereas the abnormal process in patients with 
progressive muscular dystrophy is permanently active, giving rise, to 

thflTscles''™ P™nent degeneration of 


dvstroDiiv and ^ To * ' ^ Progressive muscular 

dystiopiiy and paralytic myoglobinuria to examine tlie families 
with reference to these features 
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Summary. 

After a suivey of the more frequent causes of hemoglobinuria, 
brief mention is made of the 4 cases of paroxysmal paralytic 
hemoglobinuria (or, more correctly, myoglobinuria) reported 
hitherto. 

An additional case of myoglobinuria is reported in a boy 10 
years old, with a history of repeated attacks of muscular pain 
and difficulty in walking since the age of 4 years. 

During an acute attack, the boy was admitted to the hospi- 
tal with intense pain in the lower extremities and unable to walk. 
During this attack the urine was dark, reddish-brown and gave a 
strong reaction for blood, but show^ed no red blood cells on micro- 
scopic examination. 

Spectroscopic analysis of the urine shoAved that in this case 
myglobin was excreted with the urine during the attack, at which 
time there was also a marked creatinuria, 

■ Myoglobinuria and creatinuria were demonstrated only in 
connection wdth the attack, which soon subsided without leaving 
any paresis. 

The boy was feeling perfectly well at his discharge from the 
hospital. 

The appearance of 8 cases of progressive muscular dystrophy 
in the family of this boy suggested the hypothesis; that progres- 
sive muscular dystrophy and paralytic myoglobinuria may be 
different forms of the same disease, the latter representing the 
acute manifestation of the lesion, while progressive muscular dys- 
trophy is the more chronic form of the disease. 
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Some Investigations on the Content of Reticulo- 
cyte-Ripening Substances in Various Organs. 

By 

CLAUS MUNK PLUM. 

(Submitted for publication February U, 1944). 


When stained supravitally with basic dyes some red blood 
corpuscles show a ^reticulated substance» consisting of fine or 
coarse granules connected with each other by a fine filament. Such 
erythrocytes are called rBiiculocyies. In the blood of normal ani- 
mals between 0 and 30 per miHe of the total numlier of erythrocytes 
are found to be reticulocytes varying with the species and the age 
of the animal examined. Now the reticulocytes generally are 
accepted as young red blood cells. Wlienever the blood forma- 
tion in the bone marrow is m.ore active the number of reticulocytes 
in the blood increases. This phenomenon has caused the import- 
ance of reticulocytes in the clinic where extensive studies have been 
carried out on this subject. Pure physiological investigations on 
reticulocytes are rather scanty and our knowledge here limited. 

When blood is stored the reticulated erythrocytes gradually 
disappear. Tliis was shown for the first tim.e by Pepper (1922) who 
incubated human or rabbits blood stabilised with citrate at body 
temperature while blood stored at 4° showed no alteration in this 
respect. The same was seen by Seyfalirt (1927). ' Heath & Daland 
(1930) found that reticulocytes in vitro at 37° or in the pleural cavity 
of the rebbit could after a few days no longer be identified by 
supravital staining, decreasing at a regular rate from the first day. 
The rate was similar for reticulocytes from rabbits which had been 
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bleed or made anemic Avitb pbenylbydrazin, and from patienls 
with hemolytic jaundice or pernicious anemia. The rate was slo\ver 
at temperatures and reticulocytes persisted in blood kept in tlie 
ice box for six months. Krafta (1931) concluded that a tempera- 
ture coefficient for the loss of specific staining qualities in ani- 
mals after death is indicated and is of the order of that for chemical 
reactions. The mechanism of this disappearance of the reticulated 
cells has been the subject of several investigations though merely 
from a morphological point of view. 

Tire amount and the appearence of the reticulum in the cells 
varies. Cesaris-Demel (1907) found different types of reticulo- 
cytes according to the amount of stainable substances in the cells. 
Investigations of Rosin & Bibergeil (1904) Seyfahrt (1927), 
Seyfahrt & Jurgens (1928) Moldawsky (1928), Gawrilow (1929), 
Riddle (1930), Heath & Daland (1930), showed that the types 
containing much of the substance which aggregates in the form 
of a reticulum are to be regarded as younger cells while the cells 
containing lesser amounts are to be regarded as older stages of the 
reticulocytes. The comparative age of the reticulocytes can be 
estimated from the stained film, the heavily clumped and VTeathed 
forms being the most immature and the sparely reticular and 
punctate forms, the older cells. Riddle (1930) estimated from in- 
vestigations on patients with pernicious anemia that reticulocytes 
with verydittle reticulum material disappear within 24 hours, but 
that younger reticulocytes differentiate into mature erythrocytes 
in from two to four days, depending on the intensity of the stimu- 
lus to regenerating. 

Experiments with blood incubated in vitro show that first the 
older forms disappear and later the younger forms, Heilmeyer & 
Westhauser (1932). Both Pepper (1922) and later on Heath and 
Daland (1930) found that the reticulocytes were not replaced by 
structureless adult erythrocytes but by cells constaining stainable 
granules. The cells mentioned by Pepper (1922) and Heath & 
Daland (1930) must, however, be regarded as the oldest stage of 
the reticulocytes; and the results of the countings by Heilmeyer 
& Westhauser (1932) show that even this type of reticulocytes dis- 
appears Avhen the blood is incubated long enough. 

Furthermore it is shown that all erythroblasts containing 
hemoglobin are heavily loaded with reticulum. From this fact and 
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from the investigations mentioned it mus be concluded that the 
reticulocytes are unripe red blood cells which, from types with 
clumped reticulum through types with decreased amounts ripen 

into mature erythrocytes, _ ^ 

Recapitulating our knowledge of the ripening process. of the 
reticulocytes it is stated; 1) that the reticuloc>d:es ripen through 
more mature types into normal »adult» erythrocytes, 2) that the 
ripening process even goes on in vitro, and 3) that it it is accele- 
rated with increasing temperature. 

fn a series of investigations previously reported (C. M. Plum, 
1942) it was proved that certain substances were present in the 
plasma as AVell as in liver extracts which were able to influence 
(accelerate) the ripening of reticulocytes invitro. 

Jacobsen & Plum (1942) have shown that the ripening sub- 
stances occuring in liver extract may be diwdcd into two frac- 
tions, 1) a thermostable factor, little active by itself, which has 
Jicen identified as tyrosine, and 2) a themmlabile factor, of little 
effect in itself, the chemical nature of which is still under investi- 
gation. Further it was demonstrated that tyrosine in slight quan- 
tities was able to accelerate the effect of the thcrmolabile factor, 
just as it was found that the addition of tyrosine to a liver ])rc- 
paration' could increase the reticulocyte-ripening power of that 
substance. 

Further Jacobsen & Plum (1943) found that blocking of the 
reticulo-endotheliale system in rabbits vail cause an immediate 
reduction in the amount of reticulocyte-ripening substances in the 
plasma of the animals. Tlie addition of tyrosine to this plasma 
has the effect of raising to normal values the power of ripening 
the reticulocytes. 


Thus the plasma of treated rabbits can be activated by tyro- 
sine in contrast with the plasma of untreated rabbits, while at 
the same time the ripening activity has decreased. From this 
Jacobsen & Plum conclude that the reticulocyte-ripening prin- 
ciple consists of tyrosine or a tyrosine-like substance and an un- 
known thcrmolabile factor which are linked together by the co- 
operation of the reticulo-endothelial system. 

So far the reticulocyte-ripening substance has been found 

*MCO.rSri'" S' '“rtior 

MCOi). TI,e investigations reported in the present paper comprise 



440 


CLAUS MUNK PLUM. 


the demonstration of the presence in other tissues and organs of 
reticulocyte-ripening substances. 

The investigation falls into two groups, viz. l)the demonstra- 
tion of substances activating the ripening of reticulocytes in-vitro 
without the addition of tyrosine, and 2) experiments with extracts 
of organs in which the amount of fully ripened substances was 
determined, while it was. also ascertained whether substances were 
found in the extracts which after the addition of tyrosine were 
able further to activate the ripening of the reticulocytes. 

Substances acting without the addition of tyrosine are called 
mature ripening substances, and substances that become active 
only after the addition of tyrosine are termed preformed ripening 
substances. 

The organs examined were chosen according to whether they 
w'ere active or inactive with regard to erythropoiesis; in the first 
group were included the liver, bone-marrow, spleen and stomach, 
and in the second the brain, heart, ordinary musculature, kidney 
and for some animals also the thymus. 

I. Investigations on the expressed Juice. 

For these investigations were used organs from ox, pig, and in 
the case of some organs from rabbits. 

Production of the expressed juice. Immediately after the organs 
had come from the slaughterhouse, or after the animal had been 
killed in the laboratory, the organs were cut up and all m.acroscopi- 
cal blood coagulates removed. After this they were finely minced 
by passed through a mincing machine. The minced organs were 
then stirred up with dry clean sand and annealed kieselguhr to a 
»dry» porridge, which was placed in a Buchner press. The juice 
was expressed under a pressure of 400 — 500 atmospheres. For 
most of the organs there Avas little difficulty in squezing out the 
juice, to which immediately after the expression a few drops of 
))Solbrol» solution were added, whereupon it Avas put in an ice- 
box till the next day (about 16 hours). Pressing out the bone-mar- 
row juice was rather difficult, and the expressed fluid was a viscous 
oil-like liquid not at all well suited for analysis. After it had been 
stored in the ice-box the fat had set and could easily be removed, 
and the remaining fluid could be used for the experiments. 
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The analysis of the content of ripening substances in the ex- 
pressed fluids rvas then carried out according to the meftod devised 
by C. M. Plum (1942). For the technique the reader is referred to 

previous reports. ^ ^ 

As the expressed juices Avere often turbid they were centrifuged 

immediately after the experiments had been started, but in spite 
of this particles were found Avhich would take a cresyl blue stain and 
which, when they settled on the erythrocytes in the preparations,, 
often made these resemble reticuloc 5 i:es, just as large precipitates 
were often found which would likewise stain. The results of these 
investigations are therefore beset with a not inconsiderable incer- 
tainty. 

For technical reasons the samples bad to be left for almost 24 
hours before they were examined, but as a check on the possible 
wasting of the ripening sulistances while stored a single experiment 
was made immediately after the expression, and in this it was 
found that the wasting of the ripening substances was very sliglit. 

Tlie result of these investigations Avill appear from Table 1. 


11. Investigations on Extracts of dried Organs. 

For these investigations the organs of ox, cat, pig, dog, rabbit, 
guineapig, rat and mouse were used. 

Making of the extracts. Immediately after the organs had been 
received or the animals had been lulled in the laboratory the organs 
were cleaned and the macroscopic blood coagulates removed, after 
which they Avere minced and placed in an incubator (Max. temp. 
42°), until they Avere dry, i. e. for 24 hours. The dried organs Avere 
pounded in a mortar. 1 g of tlie pOAvder Avas added to 10 cm^ 0.9 % 
NaCl-solution, carefully mixed and the mixture placed in an ice-box 
till the next day (about 16 hours). storage time was strictly 
ac hered to, as it turned out that loAver values Avere found (about 
-5 % Avastage) if the solution Avas left for 2 days. Immediately 

betore the experiment the solution Avas stirred up after Avhicli it 
Avas centrifuged. 

the same as lor the determi- 
he olr partly the pure extract and partly 

the pure extract with the addition of tyrosine Tvere tested. 

the results aviII appear from Table 2. 
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Table 1. 


Ripening index of expressed juice for various organs derived from different animals. 



Ox 

Ripening index 

Pig 

Ripening index 

Rabbit 

(untreated) 

Ripening 

index 

Rabbit 
(treated) 
Ripening index 

Plasma 

l.OQi 

■ 



m 



0.7P 


0.93 



Brain 

0.17 

■ 

0.19 

(0.20) 

ED 








Heart 

0.28 

■ 











Striated muscle 

0.21 


0.24 

(0.23) 

0.18 

0.16 

0.15 

0.12 

0.10 

0.17 

0.19 


Thymus 




(0.17) 

0.09 


0.10 






Lung 

0.13 


ED 

(0.13) 

0.10 








Liver 

0.34 

0.40 

0.38 

(0.41) 

0.30 

0.28 

ym 

0.21 

0.18 

0.29 


0.32 

Spleen 

0.47 

0.45 

0.42 

(0.45) 

0.29 

0.26 

ED 






Bone marrow 


0.37 

0.39 


0.26 


0.29 






Stomach .... 





0.11 


0.12 






Stomach with- 





0.09 


0.08 






out pjdorus . . 














Discussion. 

If tlie results are compared it will be seen that in the animals 
examined there is a close correlation between the amount of ripen- 
ing substances in the plasma and in the organs, animals' with a 
high content in the plasma having relatively more than animals 
with a low content in the plasma. 

The examination of the expressed juice furnished information 
as to the distribution of the ripening Substances in the organism. 
We here refer to the ripening substances that do not require the 
further addition of tyrosine to be demonstrated; they are here 
defined as the preformed ripening substances. 

The amount of these varies in the various organs and on the 
whole it may be said that the concentration is low, since the largest 


^ Determination of plasma on freshly collected blood (average of 11 animals) 

2 » » » » » » 0 (average of 9 animals) 

® » » » » » » » (average of 15 animals) 

* 1 ) i> » » » » i> (average of 5 animals) 

The values given in parantheses are determinations on the freshly express- 
ed juice. 

The ripening indexes of the stored juice are the values immediately pre- 
ceding them. 
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Table 2. 

Ripenin'* index lor extracts of organs (upper values), (1 g extracted with 
10 ml saiine). 

Ripening index for extracts of organs to winch tyrosine has been added 
(0.1 cm’ 1 ®/oi,) (lower values). Correction for effect of tyrosine 0.03. 

The organs from ox and pig are derived from several different animals, 
the rest of the animal organs from the same animat. 


Plasma * 

Rrain 

1.00 

"oroT 

0.12 

0.92 

’ oToT 
0.10 

0,89 

0.92 

T.of 

0.11 

1 

0.80 

' oroo' 

0.09 

0.71 

0.71 

0.06 

0.07 

0.57 

0.59 

0.05 

0.05 

0.18 

0.51 

0.03 

0.05 


0.22 

0.20 

0.21 

0.17 

0.17 

0.15 

0.13 

0.11 

1 fearl 

0.-I7 

0.38 

0.12 

0.38 

0.31 

0.31 

0.25 

0.22 


0.22 

0.21 

0.20 

0.18 

0.17 

0.16 

0.11 

0.12 

Striated muscles 










O.-IO 


lisa 

0.31 

0.27 

0.26 

0.23 

0.18 


O.Ol 

0.03 

0.01 

0.01 

0.03 

0.03 

0.01 

0.03 


0.01 

0.03 

0.01 

0.03 

0.01 

0.03 

0.03 

0.03 

Kidnev 

0.01 

0.01 


0.01 

0.03 

0.03 

0.03 

0.02 


0.03 

0.01 


0.01 

0.01 

0.02 

0.03 

0.03 


0.09 



■■■■ 

0.05 




Thvmus 


, 






HbI 


0.10 



■■■ 

0.07 


III 

B 


0.19 

O.IS 

■1211 

0.17 

0.15 

0.14 

0.13 

0.11 


0.30 

0.28 


0.16 

0.25 

0.21 

0.16 

0.13 

Rone marrow . . 

O.CO 

m 

■M 

■ 

0.18 

■■ 

■■ 



0.92 



H 

0.72 

B 

B 


Liver 

0.30 

0.30 

0.29 

0.27 

0.33 

0.21 

0.17 

~oTiT' 


1.03 

0.90 

0.88 

0.80 

0.91 

0.67 

0.58 

0.53 

Stomach .... 

see 

Abo« 

0.25 

0.26 

0.18 

0.21 

0.21 

0.17 

o7i5~ 


masum 

1.18 

1.25 

1.01 

2.88 

1.07 

O.SC 

o.ss 

Tun. mucosa 





0.23 



— 

venlriculi 





2.65 




Tun. muscular. 




— v — 

o7i3~ 



— 

— 

vcntriculi 





0.5S 




Cardia 





0.22 



— 



— 




2.01 




Fundus 





0.18 



- — — 

— 

— 

~ — 



1.91 




Rylorus 





0.28 



— 


— 




2.58 




Abomasum 

0.29 







— 


l.SS 








Rui'ncn rcll- 
culum , . 

O.OG 

0.10 







— 

Rsalterium . . , 

o'os"' 


— 

— 

— 


— 




0.08 
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amount is found in the plasnxa, liver, spleen and hone-marrow 
but taking the individual organs as a whole it is, nevertheless, not 
small amounts which are found in the large, e. g. in the muscles. 

The rise in the activity by the addition of tyrosine to the ex- 
tracts showed in what organs the thermolabile factor was found 
which has here been defined as ^preformed ripening substanco). 

As far as all nomral animals arc concerned the plasma cannot 
be activated by tyrosine and so it contains exclusively fully ripened, 
not preformed maturing substances. 

Some of the extracts derived from organs not taking any direct 
part in the formation of blood cells show no power of activation 
either. 

The spleen and bone-marrow contain about 2/3 of the total 
amount of maturing substances in fully ripened form, the rest i 
preformed. In the liver there is anly about % in the shape of fully 
ripenet maturing substance. All these deternrinations were 
carried out with extracts made by extraction of 1 g dried organ 
with 10 cm® saline. 

Tire investigations on the stomach show that pure stomach 
extract only contains »fully ripened maturing substances# in 
amounts fairly similar to what is found in the organs that do not 
enter into the erythropoiesis. The experiments on the activation 
of the preformed maturing substances revealed, however, that 
the stomach contained considerably larger amounts of preformed 
maturing substance than any other organ, the effect of the sub- 
stances being here increased from 5 — 10 times by adding tyrosine. 

Investigations on conditions in the ox showed that a really 
substantial content of fully ripened as well as preformed maturing 
substances was only found in the abomasum, while the psalterium 
and the rumen -j- the reticulum only contained insignificant 
amounts. From these observations it must be inferred that the 
formation of the reticulocyte-ripening substances must be asso- 
ciated with that part of the stomach where the actual production 
of digestive enzymes takes place, while the psalterium, the reti- 
culum and the rumen are only of mechanical significance for the 
digestion and allow certain bacterial decompositions. 

The formation of the substances is thus apparently associated 
with the secretory of the stomach. In order to investigate this 
question the pig’s stomach was divided a. m. Meulengracht (1935) 
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and here it was found that the largest amount of fully ripe maturing 
substances was present in the pylorus, the smallest in the fundus, 
butby the addition of tyrosine fairlj’- similas activation was ob- 
tained. 

By division of the stomach wall it was ascertained whether 
the formation of the substances was associated with tun. muscula- 
ris or tun. mucosa. It turned out that the amount of fully ripened 
substances was greatest corresponding to tun. inucosa, but here 
as the examination of the various parts of the stomach it was seen 
that the proportion of fully ripened and preformed substances 
was so to speak the same in the strata examined. 

The question as to whether the stomach secreted the preformed 
substance was investigated on fasting gastric juice from human 
subjects. 

The gastric juice recovered had a pH of about 2, but this was 
neutralised by n/10 NaOH to pH 7 before being used for the expe- 
riments. 

The content of fully ripened substance in the gastric juice is 
rather small, but here too a considerable activation is seen upon 
the addition of tyrosine, so tliat substantial amounts of the pre- 
formed substance are also found in the human gastric juice 
(Table 3). 

It then appears from the results obtained that there is a great 
difference between the ability of the different organs to produce 
reticulocyte-ripening substances, and that tlie power of forming 


Table 3. 

Analysis of fasting gastric juice from human subjects for its content of rcti' 

culocylc-ripcning subsl.nnccs. 


R. P. ? , 28 years . , 
J. H. (5 , 37 years 

E. K.$, 27 years . . 
J. iM,$, 25 years. . 
C. M. P. ^ , 29 years 

pH 

Pepsin 

Dry 

matter 

Ripening intlex for nenlrnl 
gastric juice 

enp Gastric 
juice -f 0.2 
XaCl 0.0 % 

cm’ Gastric 
juice 4- 0.2 
Tyrosine 1 

l<pH<2 

l<pH<2 

l<pH<2 

l<pH<2 

l<pH<2 

6.24 mg% 

6.32 mg% 

0.38% 

0.4G% 

0.39% 

0.11 

0.11 

O.M 

0.13 

0.1.5 

0.55 

0.50 

O.GO 

0.62 „ 

0.58 







446 


CLAUS MUNK PLUM, 


them depends on two factors, viz. 1) the ability to form, preform 
substance, and 2) the ability to couple the preformed substance 
with tyrosine or a related substance whereby the reticulocyte- 
ripening substance itself is obtained. It must be assumed that 
those organs in which the ratio between fully ripe and preformed 
maturing substance is the lowest are probably the organs in which 
the preformed substance, identical with the so far onknoAMi ther- 
molabile facter, is formed. 

This is the case in the stomach where the ratio in question is 
1/5 — 1/10, while the corresponding ratio for the organ next in 
succession, the liver, as already mentioned, in %. 

These results Avould seem to indicate that the production of 
the preformed substances takes place in the stomach wall, from 
which they pass into the reticulo-endothelial system where the 
actual ripening, i. e. the linking with tyrosine or a tyrosine-like 
substance occurs, cf. Jacobsen & Plum (1943). This may take 
place directly from the stomach through the blood stream or by 
the preformed ripening substances being secreted through the 
glands of the stomach into the gastric juice and from there passing 
wdth the food into the intestinal canal where the resorption will 
then take place. 

These investigations an the content of reticulocyte-ripening 
substances in the stomach and the localisation of the site of forma- 
tion agree in a remarkable way with those of Castle concerning 
the formation of the »intrisic factor». 

Tims the importance of the stomach for the maintenance of 
the normal red blood picture, first stressed in Castle’s investiga- 
tions, has been revealed in one more domain. 

On the chemical nature of the reticulocyte ripening substances 
in the stomach further investigations are made and this will he 
published collaborated with Dr. med. Erik Jacobsen. 


Summary. 

A report is given of the occurence of fully ripe as well as pre- 
formed (tyrosine activable) reticulocyte-ripening substances in- 
various animal organs. Of the fully ripe maturing substances the 
greatest amount is found in the plasma, liver, spleen and bone- 
marrow. Preformed (tyrosine activable) reticulocyte-ripening sub- 
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Stances are not normally found in tlie plasma. In the spleen and 
bone-marrow about 1/3 is tyi'osine activable, in liver about 2/3 and 
in the stomacb 4/5—9/10. Of all the organs examined the stomach 
contains the largest amount of fully ripe + preformed maturing 
substances, determinated on extracts of the various organs, made 
by extraction of 1 g dried with 10 cm^ saline. 

Considerable amounts of ripening substances were found in 
the abomasum, i. e. the secretorj^ part of the stomach of ruminants, 
none in the non-sccretory parts of the stomach. 

In pig’s stomach the largest amount of fully ripe maturing 
substance was found in the pylorus; by division of the stomach 
wall the greater .part w’as found corresponding to the tunica mucosa, 
while the proportion of fully ripe and preformed substance was 
fairly similar throughout tlic stomach. 

In the fasting gastric juice of normal human subjects but little 
fully ripe maturing substance was found, but a considerable acti- 
vation occurred upon the addition of IvTosinc. 

These results are interpreted to mean that the preformed 
ripening substances arc formed in the stomach and in some way or 
other are carried to the rcticulo-endothelial system where they 
are linked by tyrosine to the fully ripe maturing substances found 
in the plasma. 
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(From the Kommunehospital, Copenhagen, Department I. Chief Surgeon- 
•Otto Mikkelsen M. D. and the Department of Pharmacology, University 
of Copenhagen. Chief: Professor Knud 0. Moller M. D.) 


Pain and Rectal Tenesmus after Injection of 
Adrenaline into the Colon. 

By 

GEORG C. BRUN. 

(Submitted for publication February 12, 1944). 


Introduction. 

In a previous work (1942) it was shown that administration 
of 2 — 3 mg adrenaline in 4 — 6 ml 35 % alcohol to patients suffe- 
ring from ulcer in most cases gave rise to dyspeptic symptoms 
which as a rule closely resembled the patients’ spontaneous attacks 
of cardialgia. The pain might become very intense irrespectively 
-of whether there were hunger contractions at the same time or 
the stomach was entirely quiescent. Incidentally the adrenaline 
has an inhibitory effect on the motility of the stomach. 

If the stomach was observed through a gastroscope simulta- 
neously with the injection of some millilitres of an alcoholic solu- 
tion of adrenaline, pale stripes could be observed corresponding 
to the area vdth which the adrenaline solution had heen in con- 
tact. In other words, a limited anemia of the mucosa arose in con- 
nection with the subjective dyspeptic symptoms. 

If adrenaline in 35 % alcohol ■was administered by mouth to 
healthy individuals in the same doses as to the ulcer patients (1943) 
a sensation of hunger might ensue; in some of them it would he 
-Stronger than they ever remembered to have felt it before. At 
“the same time there was as a rule some suction in the epigastrium. 
Jn other healthy persons there only occurred dyspeptic symptoms 
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In order further to elucidate the mechanism of the genesis of 
the pain 2 % nupercaine Was in several cases added to the adrena- 
line solution. 

Experiment 1. 

B. C. J. Man, aged 27. 

Diagnosis: Rectal cancer. 

No pain or discomfort in the abdomen after colostomy performed 30 
days previously. The patient felt well at the beginning of the experiment. 

At 10.48 o’clock injection of 1.5 ml adrenaline solution about 
3 cm inside the colostomy opening. ^ 12 minutes later a moderate sensa- 
tion of flatulence in the preternatural anus; the sensation subsided after 
about 20 minutes. 

At 11.20 injection of 2 ml l“/oo adrenaline solution about 5 cm inside 
the colostomy opening. 9 minutes later a sensation of flatulence as after 
the first injection. From 11.43 to 12.05 rather troublesome colic-like pains 
diffusely in the left iliac fossa and round the umbilicus. After that the 
symptoms gradually subsided. At 12.45 just after the patient had had 
dinner acute twinges occurred diffusely throughout the abdomen, so that 
the patient had to lie down on his bed; also strong nausea. In the course 
of three quarters-of-an-hour to one hour the worst pain was over, but not 
until 16 o’clock did the patient feel perfectly well again. 

No symptoms of resorptive adrenaline effect. 

The experiment showed that severe colic-like pains set in diffu- 
sely in the abdomen after injection of an adrenaline solution 
into the sigmoid colon. 


Experiment 2. 

E. C. B. M. Woman, aged 51. 

Diagnosis: Rectal cancer. Metastases to the column. 

Colostomy performed 12 months previously. Often pains in the shoulder 
and lumbar regions, but never in the abdomen. No feeling of discomfort 
whatever at the beginning of the experiment. 

At 9.46 o’clock injection oi 3 ml 1 ’’/j,,, adrenaline solution about 7 cm 
inside the colostomy opening. No subsequent symptoms. 

At 10.13 injection of l mZ % % adrenaline solution about 10 cm inside 
the colostomy opening. 7 minutes later rectal tenesmi set in. From 10.25 
to 11.00 there were pains and twinges and a sensation of flatulence right 
across the abdomen. There were likewise severe rectal tenesmi resulting m 
evacuation by the natural way. The pain was at times very unpleasant. 

At 11,00 administration of 2 Eukodal tabloids after which the sym- 
ptoms subsided in the course of 15 — 20 minutes. 

No symptoms of resorptive adrenaline effect. 

1 Where nothing else is stated, the injections were always made in the 
oral crus of the colon. 
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The experiment showed that severe colic-like pains diffusely 
throughout the abdomen as well as rectal tenesmi came on after 
injection of an adrenaline solution in the sigmoid colon. 


Experhnent 3. 

A. E. S. Woman, aged 64. 

Diagnosis; Rectal cancer. _ , , ^ 

Colostomy p'erformed 25 days previously. During the last 5 weeks 

often rumbling and a sensation of discomfort increasing to pain in the 
lower part of the abdomen, principally in the niglit. No pain or discom- 
fort at the beginning of the experiment. 

At 9.13 injection of 1 ml % % adrenaline solution about 10 cm inside 
the colostomy opening. After 7 minulcs incipient oppression dowTiwnrds 
in the abdomen as well as rectal tenesmi. In the course of tlie next 20 
minutes increasing, at times very unpleasant, oppression downvards in the 
abdomen and strong rectal tenesmi. At 9.37 subcutaneous adminisi ra- 
tion of 0.3 ml l“/oo histamine to relieve the pain. Pain and tenesmi then 
gradually subsided during the next 20 minutes. 

The symptoms exactly resembled those the patient miglit have in the 
night. 

No symptoms of rcsorptive adrenaline effect. 

The experiment showed that severe oppression downwards in 
the abdomen as well as very troublesome rectal tenesnti set in 
after injection of an adrenaline solution in the sigmoid colon. 


Experiment 4. 

K. I. A. B. Woman, aged 61. 

Diagnosis; Cancer of the colon. 

Upwards of 4 months prior to the experiment excision of part of the 
colon -as well as an adjoining piece of the small intestine. One month 
prior to the experiment an operation was performed for the purpose of 
closing the colostomy. "Wlien the experiment was made only a small colo- 
stomy opening was left. No pain or sensation of discomfort in the abdo- 
men for the last four months apart from the fact that there miglil be a few 
Avmges upon evacuation when aperients had been administered Tliere 

"•■■‘'■'■“I every 2nd day by moans ot an 
P lent. At the beginning of the experiment the patient fell well 

insil ‘Olutici abonl 10 cm 

•) M '■omaining small opening. From a .10 lo 

nil i "f neWeoco across 1. lot r 

pari ot the ep.gastrmm and a liUlc later moderalc dilfnse nain i , 71 

ri.sTollllUnjeiTiii y™i yTT '"'‘'“MeO- 

ioslde tbe inlesune. ibonl 12 oil ILIr “ 
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in the abdomen and straining to evacuate the bowels though nothing came. 
The symptoms subsided in the course of % l^our. After this no abdominal 
symptoms. 

No signs of resorptive adrenaline poisoning. 

The experiment showed that a sensation of flatulence, a neces- 
sity to evacuate the bowels and rather severe pain diffusely in the 
abdomen came on after injection of an adrenaline solution in the 
transverse colon. 


Experiment 5. 

A. L. V. H. Male, aged 55. 

Diagnosis: Rectal cancer. 

Two months prior to the experiment excision of the rectum, after trans- 
versostomy had been performed 4 weeks previously. No pain or discom- 
fort in the abdomen for a long time. Felt well at the beginning of the 
experiment. 

At 9.45 o’clock injection oi l ml % adrenaline solution about 5 cm 
inside the colostomy opening. Part of the fluid injected, perhaps half, ran 
out again, which at once made the mucous membrane of the preternatural 
anus pale. At the same time there came a slight sensation of -smarting 
which was felt profoundly to the colostomy. 

From 9.47 to 10.57 o’clock a very unpleasant sensation of tension and 
flatulence principall}' in the right side of the abdomen, increasing in periods 
to fairly acute griping pains resembling the sensation before diarrhea. At 
10,50 subcutaneous administration of 0.3 mg histamine. Not until 11.30 
o’cl. were the symptoms almost relieved. 

No signs of resorptive adrenaline effect. 

The experiment showed that fairly pronounced sensations of 
flatulence and griping pains came on after injection of an adrena- 
line solution into the transverse colon. 


Experiment 6. 

L. S. Female, aged 61. 

Diagnosis: Rectal cancer. 

Colostomy performed 4 weeks previously. No pain or discomfort in the 
abdomen for the last fortnight. On the other hand, there were now and 
then pains in the anal region. The patient felt well at the beginning of the 
experiment. 

At 9.30 o’cl. injection of 1 % % adrenaline solution about 10 cm 

inside the colostomy opening. Alter 8 — 10 minutes increasing sensation of 
flatulence, weight and uneasiness in the abdomen principally localised to 
the left iliac fossa. The sensations of uneasiness increased somewhat .for 
the next 25 minutes, whereupon they gradually subsided again. There was 
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quite unusual for the patient. 

No signs of resorptive adrenaline effect. 


The experimeni showed that an unpleasant sensation of flatu- 
lence, weight and uneasiness in the abdomen as well as a sensa- 
tion that feces were being passed cjimc on after injection of an 
adrenaline solution in the sigmoid colon. 


Experiment ?. 

G. T. J. Jlalc, aged 56. 

Diagnosis; Rectal cancer. 

Colostomy performed 3 weeks previously. No appreciable fooling of 
discomfort in (lie abdomen after the colostomy. For the last 8 day.s no di.s* 
comfort of any kind in the abdomen. After examination under anesthesia 2 
days before the experiment, moderate pain persisted roiind the anal region, 
often accompanied by rectal tenesmi. 

At the beginning of the experiment there were sliglil rectal tenesmi 
.•md moderate pain around the -anus. 

At 9.13 o’clock injection of 1 ml % adrenaline solution about 10 cm 
inside the colostomy opening. After -t minutes a sensation of tension and 
flatulence came on in the right iliac fossa, when tlie bowels have not, 
acted for some days?. Tlic sensation increased somewhat in intensity and 
gradually moved over foAvards the left side. After 15 minule.s tlio .sensation 
of discomfort again subsided and Imd practically disappeared by n.-18 o’ch 

At 9.52 injection once more of J ml % adrenaline solution about 8 
cm inside the colostomy opening. 3 minutes later an unpleasant, sensation 
of tension and flatulence around the umbilicus and in the rigid iliac fossa 
suddenly came on. The sensation, Avliicb exactly resembled the symptoms 
after the first injection, in the course of 5 minutes passed over towards 
the left iliac fossa. At 10.05 o'cl, the sensation of discomfort Wiis rapidly 
decreasing .and a few minutes later it had quite disappeared. 

The symptoms from the anal region persisted quite unaltered during 
the experiment. There Avas no .sign of any resorptive adrenaline effect. 


The experiment showed tliat an unpleasant sensation of tension 
and flatulence came on few minutes after the injection of an adre- 
nahne solution i„ the sigmoid colon, men all scn-salions of 

Jwcir^r aili-omliJic was again injected, after 

Winch the same symptoms recurred. 
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Experiment S. 

M. N. J. Female, aged 50. 

Diagnosis: Rectal cancer. 

5 weeks prior to the experiment .excision of the rectum and the lo-wer 
part of the sigmoid colon, colostomy having been performed 8 weeks pre- 
viously. No pain or sensations of discomfort in the abdomen for the last 
fortnight. The patient felt well at the beginning of the experiment. 

At 9.28 o’clock injection oi 1 ml % adrenaline solution about 10 cm 
inside the colostomy opening. 9 minutes later griping pains in the sto- 
mach came on and a feeling as if the bowels were to act. The pains which 
increased in intensity and were at times troublesome were localised to 
the area round the umbilicus. Th^y persisted fairly unchanged for about 
20 minutes whereupon they gradually subsided. Not until 10.50 o’cl. had 
the feeling of discomfort practically ceased. 

During the experiment copious stools were evacuated. No sign of 
resorptive adrenaline effect. 

The experiment showed that rather severe pain round the um- 
bilicus came on following injection of an adrenaline solution into 
the sigmoid colon. 

Experiment 9. 

B. T. Woman aged 44. 

Diagnosis: Rectal cancer. 

Colostomy performed 19 days previously. No pain or sensations of 
discomfort in the abdomen for the last 4 days. The last few days there 
was now and then some oppression by the anus as well as slight rectal tenes- 
mi. These symptoms were also present at the beginning of the experi- 
ment, while there were no sensations of discomfort at all in the abdomen. 

At 9.45 o’cl. injection of I mf % % adrenaline solution to iphich had 
been added 2 % nupercaine about 10 cm inside the colostomy opening. 
Immediately after some of the injected fluid ran out again which caused 
paleness of the preternatural anus. At the same time a small quantity of 
feces was evacuated. After 3 — 4 minutes, increasing pain around the 
umbilicus with working and rumbling in the abdomen and a feeling as if 
the bowels were going to act. This did not happen at that time, however, 
but not until a quarter-of-an-hour later. The pain increased during the 
next 5 minutes; the patient perspired and turned alternately red and pale. 
At 10.06 the sensations of discomfort had abated a good- deal, but a few 
minutes later a feeling of distension and weight in the lower part of the 
abdomen came on which during the next minutes was superseded by regular 
pain downwards in the epigastrium. In the course of 5 — 7 minutes the 
pain had disappeared but returned again at 10.31 o’cl. It now persisted 
almost unchanged for over 10 minutes, was diffusely dispersed all over 
the abdomen and was very disagreeable. There was also slight nausea. 
Then the pain subsided and had almost disappeared at 11.00 o’clock. 

No signs of any resorptive adrenaline effect. 
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The expcrimcni showed that coIic-likc pains came on diffusely 
in the abdomen after injection of a solution of adrcnahne and 
nupercaine in the sigmoid colon. 


Experiment JO. 

H. P. P. B- Male, aged 62. 

Diagnosis: Reclal cancer. 

Colostomy performed 18 days previously. Since then some smarting 
round the colostomy opening, also periodically, la.sl the day before (he 
experiment, rather severe pains in the left iliac fossa. 

Immediately prior to the experiment there ^Yas some working in the 

abdomen but no pain. 

At 9.35 o’clock injection of l ml Ya % adrenaline solution lo ivhich was 
added 2 nupercaine about 11 cm inside the colostomy opening. A little 
of the fluid injected at once oozed out and caused pallor of the mucous 
membrane of the preternatural anus; at the same time some feces ivere 
passed. Immediately after the injection strong smarting and burning 
came on, localised to the exposed intestine. The pains which were very un- 
pleasant, came on in fits and persisted for the next 20 minules. They 
radicated from the colostomy partly into the left side and partly down- 
wards. The patient also felt a little nausea which otherwise he very rarely 
suffered from. At about 10.14 o’cl. the symptoms had subsided and (ho 
patient felt quite well again. 

No sign of any resorptive adrenaline effect. 

The expcrimcni showed that a siroug suiarling and burning 
came on in the sigmoid colon following injection of a solution of 
adrenaline and nupercaine into it. 


Experiment 11. 

A. J. S. Woman, aged Ol. 

Diagnosis: Rectal cancer. 

Colostomy performed well over 4 weeks previously. No p.ain or dis- 
comfort m the abdomen since the operation. The patient was well at the 
beginning of the experiment. 

At 9.43 o’clock injection of 1 ml y, adrenaline solution about 30 cm 
inside the colostomy opening. After 9 minutes some rectal tenesmi scl in 
and 7 minutes later a peculiar sensation, unusual for the patient , of flaiu- 
lence m both jhac fossae which, however, quickly disappeared again. 

At 10 17 injection of l ml % % adrenaline solution about 10 m inside 
he in esime wnthoui any symptoms from the abdomen nor any sign of 
resorptive adrenaline effect. ^ ^ S 

Al 10 53 o'cl. iojcclion o( t ml „l „ solutim 0 / y. % 

I, keiv.se about 10 cm inside tbe intestine. .Pet mlnulL at r mf 
p.tat,o„ set and in ibe eourse ot 20 mi„„,es b,o 
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creased from 80 — 84 to 124. Gradually the patient also turned somewhat 
pale and her hands began to tremble. Several nitroglycerin tabloids were 
administered in the course of the next hour. But as late as 12.35 o’cl. the 
pulse ■was 110 and not until about 14 o’cl. had the palpitation subsided. 
The patient vomited twice, at 12.25 and a little past 13 o’cl. respect- 
ively; at no time was there any pain in the abdomen. 

The experiment showed that a brief sensation of flatulence and 
slight rectal tenesmi set in after injection of an aqueous solution 
of adrenaline into the sigmoid colon while a rather strong and 
protracted resorptive adrenaline effect was observed after injec- 
tion of an alcoholic solution of adrenaline into the sigmoid colon, 
but no pain. 


Experiment 12. 

V. E. F. Male, aged 66, 

Diagnosis: Rectal cancer. 

Colostomy performed well over 3 weeks earlier. No pain or discomfort 
in the abdomen since the operation. At the beginning of the experiment 
the patient felt well. 

At 9.45 o’cl. injection of 1 ml % % adrenaline solution to which had 
been added 2 % nupercaine about 12 cm inside the colostomy opening. 
After 5 minutes, strong rectal tenesmi of few minutes’ duration set in. No 
discomfort in the abdomen. 

At 10.20 injection ot 1 ml % adrenaline solution in the anal part 
of the sigmoid colon; the solution being distributed with y^ ml respec- 
tively 12, 10, and 8 cm from the colostomy opening. No discomfort and 
no symptoms of resorptive adrenaline effect appeared. 

The experiment showed that brief rectal tenesmi set in after 
injection of an adrenaline solution, to which nupercaine had been 
added, in the oral part of the sigmoid colon. Injection of an adre- 
naline solution alone in the distal part of the sigmoid colon elicited 
no response. 


Experiment 13. 

A. B. S. N. Woman, aged 56. 

Diagnosis; Rectal cancer. 

10 months prior to the experiment excision of the rectum after trans- 
versostomy 5 weeks previously. No pain or discomfort in the abdomen 
since the operation. The patient felt well at the beginning of the experi- 
ment. 

At 10.27 o’cl. injection ot 1 ml y^ % adrenaline solution 10 cm inside 
the colostomy opening. 7 minutes later there was a feeling of hotness in 
the skin around the umbilicus over an area of about 25 x 12 cm. Appa- 
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renlly there was no change of colour or temporaiure. Tlie sensation of 
hotness, which was something quite unusual for (he palient, was pro- 
nounced for the first 20 minutes, hut with varying intensity. Then it 
gradually subsided and disappeared entirely at 11.05 o’cl. 

At 11.05 o’cl. injection of 1 mZ % % adrenaline solution to which had been 
added 2 % nupcrcame well over 12 cm inside the colostomy opening. After 
5 minutes, incipient sensation of hotness with the same localisation as the 
first time; it persisted unchanged for a couple of minutes, but was scarcely 
as intense as after the first injection. Then the feeling of hotness gradu- 
ally subsided and had quite disappeared by 11.23 o’cl. 

No pain or discomfort in the abdomen nor any sign of a rcsorptivc 
adrenaline effect. 

The experiment showed tliat a pronounced sensation of holne.ss 
in the skin around the umbilicus set in after injection of an adrena- 
line solution to whicii nupcrcaine had been added. Apparently 
there was no change in the colour or temperature of the skin. 

In 6 experiments besides tliosc reported here 1 ml Ys % ot 
Yi % adrenaline solution was injected 2 or 3 times at about half 
an hour’s interval, that is to say, 6 — 13 mg adrenaline in all, about 
10 cm inside the sigmoid colon, ivithout eliciting any re.sponsc 
either in the fonn of sensations of discomfort in the abdomen, 
rectal tenesmi or signs of a rcsorptivc adrenaline effect. In one 
of these cases 2 % nupcrcaine bad liecn added to the. adrenaline 
solution, in another instance 1 ml Yz % adrenaline soluiion with 
2 % nupcrcaine was first injected in the oral part of the intestine 

and 40 minutes later 1 ml ^/3 % adrenaline solution alone in the 
anal crus. 

In another 4 patients 1 ml % % adrenaline solution to which 
2 % nupcrcaine had been added was injected, Avilhout causing 
discomfort in the abdomen or rectal tenesmi. On the other hand, 
mild symptoms of rcsorptivc adrenaline effect came on, in the 
shape of a rise in tlic frequency of the pulse, and in a couple of 
cases also palpitation, pallor, and tremor. 


Experimental results. 

23 patients move or 

less pronounced sensations of discomlorl came on from sonw Icsv 
to 14 minutes after the injection of adrenaline. The s Ztom 
an unpleasant sensation of tension, flatulence, and cidicliko 



458 


GEORG C. BRUN. 


pa'ns diffusely in the abdomen and of more or less painful re^l 
tenesmi. In several cases the symptoms were reminiscent of the 
twinges that may occur after the taking of aperients or before 
diarrhea. There was often a strong feeling that the bowels were 
going to act, but as a rule no feces came. The symptoms came 
on after a single injection of adrenaline. 

In 2 cases (experiments 11 and 12) only slight rectal tenesiiu 
occurred, and in a single experiment (No. 13) a peculiar sensa- 
tion of hotness around the uttibilicns. 

In the remaining 10 experiments it proved impossible to elicit 
sensations of discomfort in the abdomen. In some of these patients 
there were mild symptoms of a resorptive adrenaline effect. 

The typical sensations of discomfort might appear whether or 
not nupercaine had been added to the adrenaline solution (experi- 
ments 9 and 10). But even if not very pronounced or no symptoms 
occurred in several cases after injection of an adrenaline-nuper- 
caine solution, the cause of this can hardty have been the admixture 
of nupercaine, in so far as repeated administration of adrenaline 
alone in the anal crus of the colon in two of these cases elicited 
no response. 

Comments. 

"VSOiile administration of some few milligrammes of adrenaline 
in an alcoholic solution caused cardialgia and in some cases a 
sensation of hunger in the great majority of the subjects examined, 
healthy individuals or ulcer patients (1943 and 1942), the effect 
of the somewhat larger doses of adrenaline in an aqueous solution 
applied to the colon was not nearly as certain, seeing that only 
pronounced sensations of discomfort occurred in barely half of 
the patients. 

On the other hand, the pain response occurred too often foi 
it to have come on accidentally, not least if we consider that the 
majority of patients in question had had no feelings of discomfort 
in the abdomen at least for a fortnight prior to the experiment. 
To this must be added that the symptoms after entirely subsiding 
could now and then be elicited again by renewed adrenaline in- 
jection (experiments 4 and 7). 

The capricious effect was presumably due partly to the fact 
that the stimulus only issued from a comparatively very small 
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area of the mucosa and partly to a differing sensitivity in the 
patients, similarly as an appendicitis may in some cases develop 
up to the point of rupture of the appendix vuthout the patient 
I’.aving felt pa'n. A defective contact with the mucosa owing to 
mixing of the adrenaline solution with the content of the intestine 
may, liowcver, also have played its part. 

After oral administration of adrenaline the pains W'cre always 
localised to the cardia and the upper part of the abdomen, so they 
wight well he conceived to liave issued exclusively from those areas 
of the stomach wall which were affected by the adrenaline. After 
injection of adrenaline into the colon pain might likewise occur 
corresponding to the site of application, for instance in the form 
of smarting of the exposed intestine itself, wdiilc the cozing out of 
a little of the adrenaline solution had made the mucosa anemic 
(experiment 10). But in most cases the pains occun-cd far from the 
site of application, for instance in the right side or diffusely Ihrougli- 
out the abdomen. 

It must be regarded as highly improbable that the injected one 
millilitre of adrenaline solution can have affected more than a 


quite limited area of the mucosa near the site of np])licalion: the 
pains must therefore he assumed to be principally conditioned 
hy reflexes. This must at any rate be true of tbe not rarely occur- 
ring rectal tenesmi whicli set in after injection of adrenaline into 


the oral part of the colon (experiments 2, 3, H, and 12). 

Viliat changes led to the onset of pain could not be gatliercd 
from the experiments. Tlic sensation of working in the intestine 
which now and then accompanied the pain may jieihaps indicate 
that spastic contractions w'ere elicited by reflex effects. 

As is ■svell knoAvn, it does not cause pain to cut, burn, or pinch 
an intestine. On the other hand, pain will he elicited by vigorous 
contractions of the smooth muscles, volvulus conditions, incar- 
ceration of hernias and great distension, and as showm in this 


paper, sometimes as a result of ilic action of adrenaline on the 
luuwsa. A closure of the capillary areas corresponding to the 
con acted, the distended, the incarcerated part of the intestine, 
or le part affected by adrenaline, must be a common factor in 

Jr t not be Mreesonabic to 
see m this the primary cause of the pain. 

The mechanism in the rcicise of pain has been tiiorouglily 
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discussed in previous papers to which the reader is referred (1942, 
1943, and 1944). It was conjectured that the vasoconstriction in 
the mucosa, by, retroaction on the arteries carrying .blood to the 
contracted capillaries and arterioles, caused a dilatation of the 
arteries concerned and perhaps an increase in anaplitude by which 
peri-arterial pain-percipient nerves Were irritated. 

The correctness of this hypothesis has been confirmed by 
measurements of the arteries in the mesentery of the stomach of 
rats following injection of an adrenaline solution into the lumen 
of the stomach close to the measured artery. A considerable dila- 
tation of the measured arteries was then observed in by far the 
majority of cases (1944). 

The local pain in connection with injection of adrenaline into 
the colon would then be due to dilatation of the arteries in the. 
tissue under the anemic area of the mucosa, while pain and tenesmi 
far from the site of application might be conceived to have arisen 
by reflex action with, for instance, spasms or distensions, and a 
capillary occlusion and subsequent dilatation of the arteries cau- 
sed thereby as a pain-eliciting factor. 

Summary. 

In previous works it was shown that oral administration of 
adrenaline would often cause cardialgia and a feeling of hunger. 

In order to ascertain the effect of the application of adrenaline 
in other parts of the digestive tract aqueous solutions, as a rule 
consisting of 1 ml % — % % adrenaline, were injected into the 
colon in 23 patients with colostomy. 

In 10 of these pronounced discomfort in the abdomen came on, 
in the shape of colic-like pains, an unpleasant sensation of flat- 
ulence or painful rectal tenesmi. The pain would come on whether 
or not 2 % nupercaine had been added to the adrenaline solution. 

The remaining 13 subjects on the whole remained unaffected, 
apart fiom the fact that brief rectal tenesmi occurred in two cases, 
while in some instances mild symptoms of a resoiptive adrenaline 
effect occurred. 

In accordance with a hypothesis previously advanced it was 
supposed that the pain at the site of application was caused by a 
dilatation of arteries in the tissue under the anemic area of the 
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mucosa, while pain and tenesmi far from, the site of application 
were supposed to have arisen by reflex action vdth, for instance, 
spasms or distensions and a resulting capillary occlusion leading 
to arterial dilatation in the underl}'ing tissue as a paineliciting 
cause. 
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On the combination, diabetes mellitus and 
acute hepatitis. 

By 

KARL AXEL VANNFALT. 

(Submitted for publication January 31, 1944). 


Tim anatomy and physiology of the liver in diabetes mellitus 
have been discussed in the literature on several occasions during 
the last few decades. Rabinowitch (1936) pointed out that as 
early as 1748 it was discovered that diabetics maj'' show fatty 
degeneration of the liver, Dalous, Fabre and Yaldiguie (1936) were 
able to demonstrate degenerative fatty infiltration and deposits 
of a melanin-like substance in the cells of the liver in two patients 
who died in diabetic coma. The connective tissue of the liver 
in these cases exhibited hyperplasia of toxic, not inflammatory 
origin, van Noorden, on the other hand, was of the opinion that 
anatomic injury to the liver in diabetes mellitus is rare. Weich- 
mann made the same observation. Hepatic enlargement in dia- 
betes Was mentioned by van Noorden and Isaac and by Umber. 
Hanssen (1936) found hepatic enlargement in 12 out of 44 dia- 
betic patients under 20 years old, but in only one out of 231 dia- 
betics over 20 years. Court (1938) published two cases of diabetes 
in children combined with pronounced hepatomegalia. 

Krarup and Iversen (1940) took biopsy specimens of the liver 
in two cases of hepatic enlargement in diabetes mellitus. Histo- 
logically the enlargement was found to be due mainly to edema in 
the liver cells and only in part to diffuse fatty infiltration. Drag- 
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;tedt suggested two possible causes of enlargement of the liver 
in diabetes mellitus: firstly, a lack of pancreatic hormone (other 
than insulin); and secondly, faulty treatment of the disease of dia- 
betes itself (possibly undiagnosed acidosis). 

Stochinger and Wenzel (1938) often found considerable hepatic 
enlargement in cases of combined diabetes and hepatitis. For 
example, the liver was palpable two to four fingers below the 
rostal arch in 16 out of 24 cases. There was also pressure tender- 
ness over the liver in some of these cases. 

Jacobi (1936) carried out glucose tolerance tests on patients 
wth acute hepatitis. The curves he secured were cither relatively 
level or rose sharply. Tlie normal value was readied within two 
hours. Pachman (1940) was unable to show any correlation be- 
tween the degree of jaundice and the tjipc of glucose tolerance curve, 

Rabinowitch (1926) found hyperbilirubinemia in 24.1 per cent 
of 130 cases of diabetes. Later (1936) he published the results of 
3000 analyses of bilirubin in the blood and 3000 analyses of urobili- 
nogen in the urine of diabetics. All cases of definite or suspected 
jaundice w'cre eliminated from the investigation. Hj'jicrbilirubi- 
nemia was found in 27.4 per cent of the cases. Hj-perurobilinogc- 
nuria could be demonstrated in 27.5 per cent of 3000 urine analyses, 
in which the normal content of urobilinogen w'as considered to be 
the amount of urobilinogen which could be found in a dilution of 
the urine up to 1: 20. Rathcry, Polydorides and de Traverse (1939) 
in 590 analyses of the urine of 325 diabetics found a distinct increase 
in the bilirubin content in 50.4 per cent. Weichmann on the other 
hand secured a positive urobilinogen reaction in only 2.4 per cent 
of his diabetes patients. 

Tlie data as to the incidence of diabetes mellitus com))ined 
witli clinically established acute hepatitis varies. Fiaum, Malm- 
ros and Persson (1926) published a report on an epidemic of hepa- 
titis in Lund in 1923 involving 34 ca.ses, 28 of wdiich were com- 
bined with diabetes mellitus. Stcinitz (1931) observed an accu- 

''' patients. The same worker later 

(1932) published a comparative study of 334 diabetes cases, amon-t 

freauLtlr combmetl with liepatilis rclutivdy 

betleen 0 7 "'••'s shown to vnry 

between, 0.7 and 8.0 per cent in a table giving the annual statislies 
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for the years 1933 to 1936. In a few cases Stockinger and Wenzel 
observed hepatitis in diabetes patients treated with synthaline. 
Singer, Naunyn, van Noorden, Umber, and Lichtwitz did not 
observe any increase in the incidence of hepatitis among diabetes 
patients. 

According to Falta (1935) parenchymiatous jaundice is not 
more common among diabetics than non-diabetics. He considered 
that the common combination of diabetes and other hepatic dis- 
eases is due, for example, to the fact that an infection may easily 
attack both the pancreas and the live, or that faulty habits (over- 
eating, alcoholism) have a deleterious effect on these two organs. 
Ducas and Uhry (1939) seldom obsers'^ed hepatitis in diabetics. 

Steinitz found the diabetes-hepatitis combination more often in 
women than men, but concluded that the degree of severity of dia- 
betes, like the age of the patient, was of no significance to hepa- 
titis. Nor could Stockinger and Wenzel observe any disposition 
caused by age. Tire two diseases more often appear concurrently in 
the winter than the rest of the year, according to Steinitz, but 
Stockinger and Wenzel observed no seasonal variation. In the opi- 
nion of the two latter workers, the period elapsing between the 
onset of diabetes and the appearance of hepatitis varies greatly. 
Tire duration of the jaundice in their cases ranged between two and 
ninety days. 

Flaum, Malmros and Persson considered the cause of the high 
rate of hepatitis in diabetics to be an infection incurred in connec- 
tion with the talcing of blood samples with Francke’s needle for 
the determination of the sugar content of the blood. Tliis manner 
of infection was doubted by Steinitz and rejected by Stockinger 
and Wenzel. Tlie two last-mentioned workers stated that they 
were unable to advance a satisfactory explanation of the common 
combination of the two diseases. Some of the patients affected with 
both complaints in their material had been treated with insulin, 
others had not. Medicamentous intoxication could be ruled out in all 
the cases. The Wassermann reaction was invariably negative. 
There was no reason to suspect typhoid or paratyphoid fever. 
Duodenal probing revealed nothing abnormal either microscopic- 
ally or bacteriologically. The diabetes patients who also exhibited 
hepatitis originated in different parts of the district served by the 
hcspital. Direct infection was therefore out of the question. Stoc- 
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lunger and Wenzel pointed out that the diabetes-hepatitis wm- 
bination did not occur during a general epidemic of hepatitis. Ibey 
attributed the cause of the combination in the patients treated 
with insulin to a temporary deterioration in the quality, of the 

insulin used. 

Selander (1942) published an account of 960 cases of hepatitis 
observed in Gothenburg, Sweden, during the j'ears 1924 to 193S. 
Direct contact with a hospital, either as an in- or out-patient had 
occurred in 274 cases. All these 274 patients had been submitted 
to the hypodermic needle in some form or another — vaccination, 
injection, blood tests, etc. The time which elapsed between the 
onset of the disease and contact with a hospital varied greatly, 
amounting to an average of two to three months. Selander con- 
sidered that an acute hepatitis with a long period of incubation 
frequently results from direct inoculation in the taking of a blood 
sample, etc. Tlie long incubation distinguishes this inoculation 
hepatitis from the usual epidemic hepatitis. Selander also showed 
that inoculation hepatitis unlike epidemic hepatitis e.vhibited no 
seasonal variation and did not spread to the people in contact with 
the patient. Selander concluded that if the virus is the same as in 
epidemic hepatitis, inoculation with the virus is followed by a longer 
incubation than the usual manner of infection, and the disease when 
incurred by inoculation does not .spread in the usual way. 


The Writer’s Material. 

During recent years, particularly in 1942, the diabele.s-hepatilis 
combination has often been observed at the Medical Department 
of Centrallasarettet in Vastcras. The reason for this increase in 
frequency of hepatitis in diabetic patients is nnloiown. A iiossibic 
solution IS that during recent 3 ^cars ordinaiy insulin in an increasing 
number of patients has been replaced by protaminc-zinc insulin. 
A long senes of daily injections of a solution containing zinc mi«ht 
conceivably have an injurious effect on the parenchyma of the liver 

Ada mcd. scandinav. Vol, CXVIl, 
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department of that hospital during the year 1942. Tliere 'were alto- 
gether 77 men and 116 'women. Hepatitis was found in 9 of the 
men and 16 of the women, or in 11.7 per cent and 13.8 per cent, 
respectively. Acute hepatitis had been present in 25 or 12.95 
per cent of all the diabetic patients, and of these 25 cases 18 occurr- 
ed in 1942. The frequency of acute hepatitis among the diabetic 
patients under observation during 1942 thus amounted to 9.3E 
per cent. In 1942, 21 men and 11 women were treated at this 
hospital for acute hepatitis without diabetes. In addition, there 
were a small number of hepatitis cases treated in the out-patient 
department. Diabetes patients who contracted hepatitis can be 
assumed to have sought hospital care to a much greater extent 
than hepatitis patients who were otherwise healthy. Even with 
this reservation, however, it seems undeniable that diabetic pat- 
ients contracted acute hepatitis much more often than other people. 
If this were not the case, at least 9 per cent of the whole population 
of the district served by the hospital would have contracted acute 
hepatitis. 

Steinitz observed the diabetes-hepatitis combination more 
often in women than men. This was also true of my material. Of the 
25 patients with diabetes who incurred hepatitis, 16 or 64 per cent 
were women. In a control series of ,32 cases of acute hepatitis 
without diabetes, 34.4 per cent were women. However, the diffe- 
rence between the incidence of women with hepatitis and diabetes 
and of women with hepatitis alone amounted to only 29:6 ± 12.76 
per cent. Hence no statistically established conclusion can be 
drawn regarding the sex incidence of diabetes and hepatitis on the 
one hand and of hepatitis only on the other hand. 

The average age of diabetic patients at the onset of hepatitis 
was 44.2,years (range of variation 7 to 67 years). For non-diabetics 
Avho contracted hepatitis, the average age was 28.8 years (range 
of variation, 9 to 70 years). The difference in the ages of diabetics 
and non-diabetics at the onset of hepatitis was numerical only. 
That the average age of the diabetics at the onset of hepatitis was 
higher than the non-diabetics is connected with the fact that tlie 
average age of all the diabetics included in the investigation for tbe 
year under discussion was approximately 45 years. Thus a selec- 
tion of relatively old patients was' involved. 

Jaundice apparently remained longer in the diabetic patients 
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than in patients Avith hepatitis only. The duration of the disease 
was calculated front the day mentioned in the case liistory AAhen 
the patient first showed distinct signs of iaundice (ictcnc discolo- 
ration of the sclerac, the sldn or the urine) until the Meulcngracht 
icteric index had dropped to at least 12 (for practical reasons the 
patient's condition could not be checked longer Avith sufficiently 
frequent tests). The average duration of jaundice m diabetic 
patients Avas 8.3 Aveeks (range of Awiation, 2 to 17 Avecks) and m 
non-diabetics 5.3 Avccks (range of Awiation, weeks). Sta- 

tistical calculation yields a difference here of 3.0 i d.79AVccks, or 
a numerical difference only. 

The maximal strength of jaundice, i. e. the highest Meulcngracht 
icteric index, averaged 71 Avith a range of A'ariation of 1/ to 180 in 
patients Avith diabetes and hepatitis and 67 Avith a range of variation 
of 13 to 240 in patients Avith hepatitis only. 

In the patients with diabetes and hepatitis the cufa’cs for tlic 
Meulengracht icteric index and for the strength of the urobilin and 
Hammarsten tests of the urine showed no rclationshiji Avilh the 
occurrence of glycosuria or acidosis, with the height of the lilood 
sugar value or Avith the duration of the hepatitis. Nor Avas there 
any definite connection betAveen the appearance of these curves 
and the period of time during Avhich the patient received prola- 
mine-zinc insulin. On the aa’IioIc the curves for patients Avilh dia- 
betes and hepatitis resembled those for patients Avith licpnlilis 
only, except that the curA^es iji tlic former group Averc often more 
elongated than the latter. In both groups a negatiA'c response to 
the Hammarsten test Avas practically ahvays immediately folloAved 
by a distinct and definitive reduction of tlic i\Ieulcngracht icteric 
index to normal With a normal or nearly normal Meulengracht 
value positive reactions to the urobilin test Avere sometimes secured. 
Nor in this respect AVas there any difference betAveen patients Avith 
diabetes and hepatitis and patients Avilh liepatitis only. 

Sublimate tests of the stools Avere made on 15 patients Avith 
diabetes and hepatitis and 25 patients Avith hepatitis only. Hicse 
tests elicited positive reactions in 13 and 21 cases, respeclivelv, or 
to about the same extent in both groups. 

and'^mnatlusT i ''' ^^'«l^cles 

nf ti ? f \ ^ palpable- in S 

1C A i Avas en argecl to one to Iavo fingers bcloAv the costal arch; 
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and in 2 it Avas enlarged ni,ore than two fingers below the costal 
arch. Among 31 cases of hepatitis, the liver was palpable in only 7. 
In 3 of these cases the liver was scarcely palpable and in 4 it reached 
to one to two fingers beloAv the costal arch. It should be added, 
however, that diabetes in itself often leads to palpable enlarge- 
ment of the liver. 

The white blood count at the time of hospitalization of the 
patients is shown in the following table: 


No. of leukocytes 

2000— 

4000 

4000— 

6000 

6000—- 

8000 

8000— 

10000 

> 10000 

Diabetes hepatitis . . 
Hepatitis 

SB 

6 cases 

16 » 

5 cases 

11 » 

5 cases 

1 case 



Six of the cases of hepatitis only covered by the investigation 
were submitted to glucose tolerance tests. In two of them normal 
tolerance curves were secured, Avhile in the remaining four the 
curves showed suggested elongation so that the normal blood sugar 
value was not reached until after 2 % to 3 hours. 

A study was made of the whole series of diabetes patients to 
determine whether the height of the blood sugar value or the pre- 
sence of acidosis, glycosuria or albuminuria caused a disposition 
toward hepatitis. It was also attempted to discover whether the 
period of time during which the patient received Vitrum insulin 
or protamine-zinc insulin had any effect on the incidence of 
hepatitis. In connection Avith the investigation to find out Avhat 
part, if any, was played by the blood sugar in hepatitis, an average, 
fasting blood sugar value Avas estimated for each patient for the 
period during Avhich the blood sugar was followed. The mean value 
A\ms then calculated on the basis of these approximate averages. 
The mean figure for blood sugar secured in this Avay was 0.20 g 
per cent for patients Avith diabetes only and 0.21 g per cent for 
patients Avith diabetes and hepatitis. 

With regard to acidosis, glycosuria, and albuminuria, it was 
attempted to determine for the years during Avhich the patients 
were under observation at this hospital Avhether these conditions 
Avere present constantly, frequently, or occasionally, or Avhether 
they Avere lacking as a rule or inA’^ariably. Tire figures for incidence 









„„ T„E CC.»W»AT.O!i, BUBETES MEl.TBS ABB ACUTE ETC. 469 

secured in this way have been graded from 5 to 1, yielding the 
following comparative figures for acidos.s, albuminur.n and g}- 

cosiiria: 


Acidosis 

Glvcosurir. 

Albuminuria 

.... 

2.1 

.J.o 

l.G 

l.S 

3.9 

. . 

1.4 

. 


Diabetes + hepatitis 
Diabetes 


One is undoubtcclty not justified in dmwing any conclusion 
from these small differences, particularly since iho. figures arc 
only approximations. In addition, it "vvas not possible to find an\ 
effect on the incidence of bcpalitis resulting from insulin treat- 
ment of diabetics. In the group with diabetes only, 12.5 per cent 
of the cases had not been treated with insulin, while in the group 
diabetes and liepatitis, 12 per cent bad not received in.sulin before 
the onset of hepatitis. As revealed in the following Jablc, the. 
period of time during which IrcalmenL with Vitrum insulin or ])ro- 
taminc-zinc insulin, possibty combined with Vitrum insulin, was 
given was approximately the same for patients with diabeles only 
and for patients with both diabetes and hepatitis. In this respect, 
tliercfore, the two groups showed statistical identity. 



Diabetes 

Diaiu'U's -r 
hepatitis 

Average no. years treated wilJi 



VUrum iusuliu 

G.7 yrs. 

1 inontli to 10 yrs. 


Range of variation 

2 lo 1('» yrs. 

Average no. of j-enrs treated with 

protaminc-zinc insulin ... . 

2.1 

1 mouth to yr.s. 

1.0 

3 mos. to .0 vr.s. 

Range of variation 

In order to discover whether protaminc-zinc 

insulin lias a 


paiencnyma oi uic iiver and favors the nppea- 

ranee of hepatitis in diabelics, all the insulin-lroaled cases in Ihe 
material were divided up as follows: (1) cases treated will, Yilrum 
insnlm only; (2) cases treated with protamine-sinc insulin, jiossibly 
with Vitrum msulm also. In the first group, which comprises IS 
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cases, we find two cases of hepatitis, or 11.1 per cent, in the second 
group, comprising 151 cases, we find 20 cases of hepatitis, or 13.3 
per cent. The two groups show statistical identity. 

A study was made of the possible effect on the appearance of 
hepatitis in diabetics of two further factors, namely, the age of the 
patient when diabetes was diagnosed and the duration of the dia- 
betes, No difference could be found between patients with diabetes 
only and patients with diabetes and hepatitis in these respects 
either. 


Average age of atients when dia- 
betes discovered 

Range of variation 

Diabetes 

Diabetes 4- 
hepatitis 

37.6 yrs. 

1 to 74 yrs. 

7.4 yrs. 

1 month to 26 y s. 

38.6 yrs. 

2 to 67 yrs. 

5.8 yrs. 

5 mos. to 16 yrs. 

Average duration of diabetes .... 
Range of variation 


As already mentioned, Steinitz observed the diabetes-hepatitis 
combination more frequently in the winter than during the rest 
of the year, while Stockirtger and Wenzel considered that no such 
seasonal variation existed. In my material the cases of hepatitis 
in the groups hepatitis and diabetes and hepatitis only were divided 
among the various seasons as follows: 




V 

1\ larch 

April 

May 

June 

'3 

Aug. 

Sept. 

o 

o 

Nov. 

Dec. 

Diabetes t'i he- 
patitis 

1 

1 

1 

1 

1 

2 

2 

2 

6 

3 

5 

1 

Hepatitis .... 

2 

2 

4 

H 

II 

3 

3 

1 

6 

4 

4 

2 


Tliere was a suggested accumulation of cases during the summer 
and autumn, \\diether this indicates a seasonal variation cannot 
be decided in view of the limited size of the material. Epidemic 
hepatitis showed a typicalseasonal variation, i. e. a definite mini- 
mum in June and duty and a definite maximum in October and 
November. Tliat no seasonal variation could be found may be due, 
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s mcntiottcd above, to the smallness of the material but, also 
with recarcl to the hepatitis-diabetes combination, as - 

Selande?, may be explained by the tact that hepatitis m diabetics 
is often caused by direct inoculation of virus m connection vith 
the taking of blood samples and that this form of heptatilis by ino- 
culation has a longer and often more varying incubation than epide- 
mic hepatitis. Selander reported the incubation for inoculation 
hepatitis to be two to three months as a rule, and even as nuich as 
six to eight months in certain cases. Assuming an incubation of 
this length, all my cases of diabetes and hcjiatilis could have been 
infected with the hepatitis virus in connection w’ilh blood tests. 
For the time which elapsed between the diagnosis of licpalilis in 
diabetics and the last blood sample taken before the diagnosis 
varied between one and seventeen weeks. Flowcvcr, inoculation 
with the virus of hepatitis in connection with the taking of a blood 
sample cannot be the only decisive factor in the origin of hepatitis. 
Only three of the 32 cases in the control group of patients with 
hepatitis had visited the medical out-pAotienl dcjiarlmenl of this 
hospital during the year immediately jireccding the onset of 
hepatitis; as far as could be ascertained none, of the re- 
maining 29 patients had undergone blood tests during Die year 
before the appearance of hepatitis. That inoculation with llie virus 
of hepatitis in connection with the taking of lilood samples does 
not suffice to explain the increased incidence of liepalitis in our 
diabetic patients during recent years, particularly in 1912, apjicars 
probable, since not one case of licpalilis lias been observed in 
another category of cases treated in 19J2, namely our cases of 
gastric and duodenal ulcer. Tliis despite the fact lliat (he average 
number of blood tests was undoubtedly practically as large in tlic 
individual ulcer patients as in the individual diabetic patients. 

My material supplies no satisfactory explanation of the common 
com.bmation of diabetes and hepatitis. Possibly diabetics have a 
certain disposition toward hepatitis. Tins assumption is supported 
by the fact that at least some workers (Dalous, Fahrc and Valdi- 
gme, Krarup and Iverson) found degenerative changes in the li\-ers 
of diabetics Further evidence that this is the case was provided by 
Rabmowitch, who observed hyperbilirubinemia and hyiicrurobili- 
nogenuria in diabetics. Hyperbilirubinemia was also observed by 
Rathery, Polydorides and de Traverse. In 81 cases of diabetes 
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mcllilus without visible jaundice in nty material, I determined the 
Meulengracht ieteric index of the blood and made urobilin and 
Hammarstcn tests of the urine. The results of these investigations 
arc shown in the following table: 


Meulengracht icteric index 

3—1 

5—6 

7—8 

9—10 

11-12 

No. ot cases 

*13 

27 

8 

1 

2 

Urobilin reaction in urine 


Ncg. 

Trace 

Pos. 


No. of cases 


57 

22 

2 



The results of the Hammarslen test were negative in all 81 
cases. In 13.6 per cent of the cases the Meulengracht icteric index 
was slightly above normal. On the whole the urobilin content of 
the urine was normal. 


Summary. 

1. TAventy-five cases of acute hepatitis occurred in a scries of 
193 diabetic patients, 18 of them in 1942. Tlic hepatitis rate for 
1942 was therefore 9.33 per cent. 

2. Hepatitis in diabetics was compared with hepatitis in non- 
diabetics from several viewpoints. '^Tlie average age of the patient 
at the onset of hepatitis was found to be higher in diabetics than in 
non-diabetics. The difference was only numerical, however. Jaun- 
dice remained for a longer time in diabetics than in non-diabetics. 
This difference too Avas numerical only. Tlie maximal icteric index 
Avas approximately the same in both groups. LikcAAdse, the results 
of sublimate tests of the feces Avere on the AA'hole the same for both 
groups. Hepatic enlargement in patients A\4th diabetes and hepa- 
titis Avas more pronounced than in patients Avith hepatitis alone. 
This perhaps can be explained by the circumstance that diabetes 
in itself leads to enlargement of the Ihmr. No definite difference 
could be found betAveen the leukocyte pictures in the tAvo groups. 

3. No factor causing a disposition toAvard hepatitis could be 
found in diabetic patients. The inA'cstigation on this point aa’US 
based on the leA’^el of the blood sugar, the presence of acidosis, 
glycosuria and albuminuria, the period of time during Avhich the 
patients had received insulin, the kind of insulin administered 
— Vitrum insulin or protam.ine-zinc insulin — the age of the 
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patient when diabetes was diagnosed and the duration of diabetes. 
Special emphasis was laid on tbe fact that protamine-zinc insulin 
did not appear to have affected the incidence of hepatitis in dia- 
betics. 

4. A satisfactory explanation of the common com.bination of 
diabetes and hepatitis is not provided by the writer’s material. A 
certain tendency toward hepatitis on the part of diabetics should 
not, however, be regarded as improbable. 
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Studies on the Erythrocytes’ Content of reduced 
Glutathione and its Relation to the Hematopoiesis.' 

By 

J0RGEN BICHEL, M.D. 

(Submitted for publication January 20, 1944). 


Stimulated bj'" Hammett’s and Reimann’s demonstration of 
the accelerating effect of sulphydryl compounds on the rate of cell 
division, Parker & Kracke in 1936 made a study of the blood gluta- 
thione distribution in benzene-leukopenic rabbits and found that 
the reduced glutathione (GSH) measured in blood from the heart, 
was markedly decreased, and that also the so-called Gahbes 
quotient (glutathione in mg per cent/erjdhrocytes in 1,000,000 per 
mm®)^ was low. Also the bone marrow glutathione was decreased. 
As the glutathione reduction might have preceded the leukopenia, 
the^'’ advance the hypothesis that the leukopenic effect of benzene 
may take place by depletion of the normal acceleration factor for 
cell dmsion in the bone marrow, which appears to be reduced 
glutathione. In a case of myeloid leukem.ia they found increased 
glutathione values in the blood; in a case of lymphatic leukemia no 
such increase. Tliey suggest that the glutathione plays an im- 
portant role in regulating the production of granulocytes in the 
bone marrow. 

I shall not here discuss in detail the experiments of Hanrmett 
and Reimann or the criticism of which their conclusions have been 

1 Aided by grants from The Anders Hasselbalch Anti-Leukemia Foundation 
and The Danish National Anti-Cancer League. 

- Which I suggest be called: the glutathione index. 
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the Oblect; except to say that in the course of time a great many 
ol)servations have l)een made, whicli seem to show that sulphydryl 
compounds play a verj^ considerable r61e in the processes of meta- 
bolism associated with the cell division both in plants and in lower 
and higher animals; even if they probablj’’ do not, as oiiginally 
believed, function as a kind of »mitose hormones)>. 

Some authors have confimrcd, — though, to be sure, on the 
basis of experiments made vdth a somewhat unreliable technic, — 
that the glutathione is often markedly elevated in the blood of pati- 
ents with leukemia, but that at the same time there does not seem 
to be any certain correlation between the leukocyte figures and 
the glutathione values. As the sulphydr>d group (except the 
sulphydryl of tlie proteins) occurs in tlie glutathione, and con- 
sidering the biological importance of the latter, these findings arc 
highly interesting and justify furtlier studies of the glutathione 
changes, precisely in the leukoses. My own preliminary experiments 
confirmed that the glutathione values, both in myeloid and Ijnnpha- 
tic leukemias, often were very high, and also the glutathione index 
(GSH/Erytlir.) markedly increased. I very soon found, however, 
that before these investigations could be continued it was necessary 
to examine what influence the often accompanying anemia might 
have on the blood glutathione level; and a test of Parker & Kracke’s 
results became a natural part of these preliminary investigations. 

The method oftencst used for determin'ing the glutathione 
content of blood and tissues is by iodometric titration in protein- 
free filtrates. As the glutathione is not present in plasma, the ery- 
throcytes must be hemolysed before the precipitation of the pi'otc- 
ins. For the blood filtrates this method, if the procedure is carried 
out properly, gives correct values as compared with the highly 
specific glyoxalase method of Schroeder & Woodward, which is 
based on the fact that glutathione is a specific activator for glyoxa- 
lasc. That this is so I have been able to confirm myself. With 
tissue extracts the iodometric titration cannot be used, owing to 
the presence of other reducing substances; which unfortunately 
mnders a great many earlier studies on glutathione in the tissues 


„ glyoxalase metliod is highly specific, it does not g 

m le difficulty that lies in the precipitation of the proteins. Ti 
eren precipitation agents give filtrates wdth somewhat diff 
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rent contents of glutathione. In my own experiments I found that 
the trichloracetic acid filtrates always contained a little less GSH 
than the metaphosphoric and sulfosalicylic acid filtrates. The 
two lastnamed gave very nearly identical results. I have, like 
Fujita & Numata preferred to use metaphosphoric acid, for the rea- 
son, among others, that sulfosalicylic acid sometimes gives opa- 
lescent filtrates, which makes the titration difficult. In the experi- 
ments made with the object of testing Parker & Kracke’s results 
I used both sulfosalicylic and metaphosphoric acid filtrates, how- 
ever; because these authors used sulfosalicylic acid. 

In other respects the method usuallj’- employed for the deter- 
mination of glutathione in blood filtrates has been a slight modi- 
fication of Fujita & Numata’s. Attempts to estimate oxydised 
glutathione (GSSG) before and after reduction of the filtrate with 
hydrogen in statu nascendi by the addition of zinc dust to the 
acidous filtrates had to be abandoned, because the method gave 
very irregular results and oftenest no increase at all of the GSH 
value. And in fact, according to more recent investigations, by 
Dohan & Woodward, w‘ith an electrolytic method of reduction, no 
GSSG occurs in the blood. 

As standard method I have therefore used the following: 

Immediately -after the blood-taking 1 cm® of blood (venous 
blood, oxalated blood) is blowm into 5 cm® of distilled water in an 
Erlenmeyer flask, and after the flask has been shaken gently is 
allowed to stand for two minutes in order that hemolysis may take 
place. Then 4 cm® of 5 per cent metaphosphoric acid is added and 
the mixture is filtered. Of the filtrate, 2 cm® are used for the titra- 
tion, which is done in small test tubes at 0° C. as follows. A 0.2 cm® 
portion of freshly prepared 5 per cent potassium iodide solution and 
1 drop of 1 per cent starch solution (in saturated NaCl) are added, 
and the mixture titrated with 1: 100 n KlOg until the first faint 
blue color persists. Always duplicate titration. Counting of the 
erythrocytes and such other hematologic examinations as may 
be needed are always carried out on the sample of blood. ^ 

I have controlled this method with the glyoxalase method, 
carried out as indicated by Schroeder & Woodward with excep- 

^ About the reliability and exactitude of the iodometric method for titra 

tion of reduced glutathione in acidous filtrates, with starch as indicator s 
the numerous works on these questions (6, 19, 20, 22, 36). 
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tion tliat I used metaphosphoric acid instead of siilfosalicylic acid 
extracts; Yvdiicli, however, according to those workers docs not 
make any difference so far as tlie teclinic is concerned (Table 1). 
r also found it unnecessary to add more than half the quantity of 
bisulfite stated by them in order to bind tlie mcthylglyoxal. This 
saves considerable quantities of iodine- Furthermore it is my 
impression that it is necessary to wash out the acetone yeast some- 
what more thoroughl 5 ’' with water than indicated by Schroeder & 
Woodward. Tlie mcthylglyoxal was prepared in cr 3 ^stalline from 
by oxidation of acetone with selenium oxide, because neither glyccr- 
aldehyde nor dih^mroxj^acetone could be obtained. In plotting 
the standard curve I have made use of a somewhat greater num- 
ber of glutathione concentrations than Schroeder & Woodward, 
but otherwise I have followed their technic closcl}^ and the method 
now w'orks satisfactorily. 


Table 1. 


Simultaneous Determination of Glutathione Content in different Blood Samples 
by lodometric and Glyoxalase iMethods. 

Glyo.xalase lifethod lodometric Titration 
26 mgr/per cent 25.4 mgr/per cent 

44 41.5 

32 31.5 

31 30.2 


It is important that the blood should be precipitated as soon 
as possible after taking, as otherwise the GSH may become trans- 
formed into oxidised glutathione (GSSG). But after tlie protein has 
been precipitated it may be left standing for lwcnt 3 -four Imurs 
without any measurable decrease taldng place in the glutathione 
values; which has been of importance for the examination of samples 
from patients from different hospital services. i 

In some cases I examined the plasma for glutathione by tlic 
glyoxalase m ethod, but never found any measurable amount.^ 
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I. Benzene-leukopenic Rabbits. 

With exception of the experiments of Parker & Kracke referred 
to above, I have found ho reports of studies of the glutathione con- 
tent in blood under the influence of benzene; which is strange 
considering the important conclusions come to by these two authors 
as the result of their researches. Pike them, I used rabbits in my 
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34 10000 10 
32 9000 9 
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Fig. 1. — The arrows poizit to the dates of the subcutaneous benzene injec- 
tions (3.2 cm® of benzene in 3.2 cm® of olive oil). 


experiments. I first tried to determine the normal values for 
GSH and glutathione index in these animals, but found that the 
daily blood-taking resulted in the erythrocyte values during the 
first days showing’ a slightly falling tendency, whereupon they be- 
came stationary at a slightly lovyer level. From then on, the values 
found in the individual animals remained fairly constant from 
day to day, while there might be rather great variations from one. 
animal to another. Of course, the use of such rabbits introduces a 
source of error, by the fact that one works with animals that evi- 
dently are under the influence of chronic bleeding, however slight. 
But as it in these experiments is a question especially of following 
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the variations for some length of lime, the normal values arc as a 
matter of fact of minor importance; and as the variations occurring 
arc great compared with those resulting from the daily blood - 
taking there must be justification for leaving such a potential 
source of error out of account. 

Tlie experiments were carried out in the manner that the ani- 
mals were first controlled for some lime, until the glutathione and 
erythrocyte values were constant. Tlicn a mixture of equal parts 
of benzene and olive oil was injected subcutaneously, daily or at 
different intervals of time. Also tlie dosis was varied, in order to 
provoke if possible, .either simple granulocytopenia or granulo- 
cytopenia accompanied by crythrocylopenia. The experiment was 
in all cases gone on with until the animal died. Glutathione deter- 
minations, counting of erythrocytes and leukocytes, hemoglobin 
measurements, and in some cases hematocrit determinations, were 
made during the whole experimental period, as a rule cverj^ da 3 % 
As regards tlie glutathione determinations the results were all 
alike, in spite of the various technic emplo 3 ''cd in the different 
experiments. As long as the red blood picture did not change there 
were no glutathione changes either; nor, consequently, any change 
in tlie glutathione index, even if the leukocyte count had sometimes 
before then fallen to a verj’’ low level. As soon as the erj-'llirocytc 
values began to fall, also the glutathione values decreased in a 
more or less parallel manner, so that the glutathione index remain- 
ed fairly constant duririg the whole experimental period (Fig. 1). 
Oaly just before dcatli was there in a few of the experiments an 
increase in the glutathione and the index. 


rr. Roentgen-leukopenic Rabbits. 

To complete the above experiments, I made similar studies on 
rabbits before and after exposure of tliem to all-over irradiation 
wth roentgen (160 kv., 4 ma., distance 50 cm, intensity 8/r. min.). 
Seven animals in all were examined, which were exposed to doses 
of respectively 250, 500, 800. 1000, 1200, 1500 and 2000 r) 11, c 
ojst doses caused no changes whatever cither in the hematologic 
state or m the glutathione values. Tl,e l.ighcr doses, as expected 
provoked leukopenia and also had some effect on tlie erythrocyte 
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values, otherwise the results were exactely the same as in the 
benzene experiments. Tlie depression of the leukocyte values had 
no effect on the glutathione values or the index; the former followd 
the erythrocyte values, so that the index remained fairly constant. 
Fig. 2 shows the curves for the rabbit which was exposed to irra- 
diation with 800 r. 


Leuc. Gt. 
16000 
15000 
14000 
13000 
1,?000 36 
11000. 36 
10000 34 
9000 32 
6000 30 
7000 26 
6000 26 
5000 24 
4000 22 
3000 20 
2000 16 
1000 16 
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Fig. 2. — Curves showing leukocyte values, glutathione values and gluta- 
thione index for rabbit exposed on June 1st to all-over irradiation with 800 r. 


m. Hemorrhagic Anemias. 

With regard to the blood glutathione in hemorrhagic anemias a 
good deal is already known. Sliortly after a hemorrhage of any mag- 
nitude there is an acute glutathione decrease corresponding to the 
fall in the erythrocyte values; but afterwards the glutathione 
values rise more rapidly than the erythrocyte count, so that the 
glutathione index for some time is increased. Later, when the rege- 
neration is getting more or less complete, the index again ap- 
proaches the normal (2, 7, 21, 35). These observations I have been 
able to c'onfirm by studies on 3 rabbits examined before and for 
some time after a bleeding (see Fig. 3). I have not been able to 
demonstrate any relation between glutathione value and reticulo- 
cyte count. 
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pjg^ 3^ Rnbbit, Tlic arrow points lo Uic dale of bleeding. 


IV, Experimental Leukocytosis. 

In a number ol rabbits I atlcinplcd to provoke leukocytosis by 
intravenous injections of sodium iiucleinato, suspension of colibacilli, 
egg-albumin, sodium taurocbolatc and buman serum, but did not 
succeed in provoking excessive leukocytosis, only moderate increa- 
ses up to about 30,000. In none of Ibcse cases could any change in 
the glutathione index be demonstrated with certainly. 

Tlic results of tliesc preliminary experiments do not confirm 
Parker & Kracke’s suggestion of the glutathione as a factor of 
essential importance for the activity of the granulopoiesis. In none 
of the experiments did there occur any variations of the gluta- 
thione values or the glutathione index that could he supposed to 
have any relationship to the intensity of the production of granu- 
locytes. Much rather might ilicrc from these results he supposed to 
be a certain relation between llie intensity of the crj'lbrojioic.sis 
and the amount of glutathione in the blood. In the experiments in 
which it must be presumed that the marrow had been injured and 

the cell production in consequence reduced, — as in the benzene 

and roentgen experiments, —the fall in the glutathione values was 
more or less parallel to the fall in the number of erythrocytes, wdiero- 
as there was no variation in relation to the number of granulo- 
cytes. At the same time the glutathione index remained constant; 

32 — Ada mad. scandinav. Vol, CXVJl. 
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which is to say that the individual red cell contains its norma) 
anaount of glutathione. In contrast to these forms of anemia, the 
hemorrhagic anemias show a greatly increased glutathione index 
during the period of regeneration. It would thus seem as if there 
were a certain relatioftship between the glutathione content of the 
erythrocytes and the intensity of the regeneration of the erythro- 
poieses. Tire finding, by Gabbe and by Bach & Bach, of a similar 
much increased glutathione index in rabbits treated with phenyl- 
hydrazine, as well as certain studies on human subjects, seem to 
support this hy'pothesis. 

V. Glutathione in Man. 

The statements of the different authors respecting the normal 
glutathione values in man vary a little, depending on the method 
employed in their studies. But as I have found the iodometric 
procedure which I used, and the specific glyoxalase method, to 
give almost identical results, the values stated below will at least 
be correct for the quantities present in the filtrates after precipita- 
tion with m,etaphosphoric acid. 

It has been shown that sex, ingestion of food and physical exer- 
cise have no influence on the glutathione level (2). On the other 
hand, Rosenberg has found a slight increase of the values in old 
age. In such investigations it is of course of the greatest importance 
to consider the erythrocyte count and determine the glutathione 
index, or to do hematocrit determinations and calculate the con- 
tent per 100 cm® of red cells. 

In 66 subjects of both sexes, in ages from 1 7 to 60 years, I found on 
the average 33.9 mg/per cent of glutathione, calculated in full blood, 
with a standard deviation of 4.39 and a standard error of ± 0.173. 
The glutathione index was in the average 7.5; the deviation here 
1.03, the standard error ± 0.13. The subjects wmre persons who 
were feeling well, whose sedimentation rate wms normal and who 
were not affected with anemia (the females: over 400,000,000 
erythrocytes; the males: over 450,000,000). Tliere was no positive 
difference between the two sexes and no relation to stature or 
body-weight; blit of course the material is too small to warrant 
any absolutely sure conclusions in these respects. At the same 
time I examined 16 normal subjects in ages from 60 to 98 years. 
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Glutathione (GSH) was on the average 31.6 mg/per cent; the gluta- 
thione index 7 . 1 . Neither in these cases is there any demonstrable 
difference. In some subjects the values examined at intervals of 
some days were then found very constant. 

Pernicious Anemia. 

A few earlier determinations exist, of the blood glutathione in 
patients with pernicious anemia. In these, there was invariably 
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the curves from a typical case. There does not seem to he any 
relationship at all between the reticulocyte- and the glutathione 
values, Tlie variations in the GSH/vol. per cent show a curve 
similar to that of the glutathione index. In one patient the latter 
index rose still further during the first period of the treatment, 
but otherwise the picture was the same in all the four patients. 


Hemorrhagic Anemia in Man, 

Of such cases I have examined only two: one after a hemor- 
rhage from an erosion of the cervix uteri (red cells, 3,510,000; glu- 
tathione index 10.4); the other after hemorrhage from a tonsillec- 
tomy (red cells, 2,200,000; glutathione index 10.7). As might be 
expected, the glutathione index was high in both. The conditions 
as regards the glutathione in cases of hemorrhagic anemia are 
the same in man as in rabbits, and have been found so also by 
the other authors who have VTitten on the subject; I have there- 
fore deemed it unnecessary to carry my own investigations on this 
point any farther. 


Tire result of these first investigations is thus that in rabbits 
there occurs under the influence of benzene intoxication a decrease 
in the glutathione content of the blood, which has no relation 
however, to the decrease in the number of granulocytes in the 
latter, but, on the contrary, seems to l)e parallel to the decrease in 
the number of erythrocytes, so that the glutathione index remains 
fairly constant. Exactly the same was found in the rabbits that 
had been exposed to large doses of all-over irradiation with roent- 
gen. In rabbits that had suffered a considerable loss of blood, the 
glutathione at once fall at the same rate as the erythrocytes, and 
then rose relatively faster than these during the regeneration; so 
that the glutathione index for a time became distinctly increased 
and only approached normal values as the erythrocyte count 
gradually rose to normal figures. Experimentally provoked leu- 
kocytosis caused no alteration of the glutathione content in the 
blood. 

In man, the glutathione index in pernicious anemia is very high 
during the untreated stage of the disease. Under the infliience of 
the specific therapy it falls, and approaches normal values as the 
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erytlirocyte count gradually reaches normal figures. In cases of 
hemorrhagic anemia in man, the index is moderately high, tie 

same as in rabbits. • j- + 

Nothing has thus been found in' these experiments to indicate 

a relation between the intensity of the granulopoiesis and the level 
of the blood glutathione. On the other hand observations were 
made which point to a certain relation between the amount of 
glutathione in the erythrocytes (the glutathione index) and the 
activity in the bone marrow; though it is not possible to say, as yet, 
whether these variations in the glutathione level are entirely 
secondary in relation to the changes in the erythropoiesis or whether 
they are of any primary significance for the intensity of the latter. 
Tlie problem is interesting on the background of the many reports 
about the role of the sulpliydryl compounds in the processes of 
cell-division. Tliat the investigations related in the preceding 
pages make it appear as if the glutathione were of no significance 
for the activity of the granulopoiesis must of course be taken with 
a certain reservation; because the possible variations that might 
be thought to occur in the intensity of the latter may perhaps 
not come to expression in the glutathione content of the erythro- 
cytes, but in that of the granulocytes. About the glutathione 
content of these, nothing exact has been found yet; but at any rate 
it is certain that the amount, simply on account of the small num- 
ber of these cells, must be very small compared with the large 
amount contained in the er}’’throcytes. Tlierefore, small variations 
in the number of granulocytes in the blood will not make them- 
selves felt when the glutathione content of the blood is determined. 
That great variations, as we see in. the leukemias, may nevertheless 
cause variations in the glutathione content, will be made the 
object of studies that will be presented in a later paper. But at 
all events the results of the investigations related in the present 
work show that the variations observed in the blood glutathione 
under the influence of benzene cannot, as believed by Parker & 
Kmcke, be taken as supporting evidence for a theory of the gluta- 
lone playing a role in regulating the granulopoiesis. 
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Summary. 

As sulphydryl compounds are supposed to have great influence 
on the course of the chemical processes in connexion with cell- 
division, Parker & Kracke interpret the results of their studies 
on the blood glutathione values in benzene-leukopenic rabbits as 
indicating that the blood glutathione is a normal accelerative 
factor for cell division in the bone marrow, because injections of 
benzene into the animals resulted both in leukopenia and in deple- 
tion of the reduced glutathione in the blood; and they would ascribe 
to the blood glutathione an important role in regulating the granu- 
lopoiesis. 

The author has tested these experiments and shoves that while 
there no doubt in benzene leukopenic rabbits is a decrease of redu- 
ced glutathione in the blood there is no parallel between this and 
the number of granulocytes, but rather a parallelism of the gluta- 
thione decrease and the erythrocyte values; these two values fall- 
ing at about the same rate, so that the individual red cell’s content 
of reduced glutathione (glutathione index) remains fairly constant. 
Similar results w^ere obtained in rabbits that had been made 
leukopenic by all-over irradiation with roentgen. In experimen- 
tally produced leukocj'tosesthereisno change in the blood’s content 
of reduced glutathione. In hemorrhagic anemias in rabbits there is 
at first an immediate fall in the glutathione values, but afterwards 
a rapid rise, so that the glutathione index for a time is considerably 
increased. In hemorrhagic anemias in man something similar 
is the case. Also in pernicious anemia in man there is in the un- 
treated stage increased glutathione index, which under the speci- 
fic treatment returns to about normal values. 

On the basis of these researches and other results from the 
literature, the author points out that while a relation between the 
glutathione content of the granulocytes and the activity of the 
granulopoiesis is not altogether excluded, a number of circum- 
stances point to a connexion between the activity of the erj^hro- 
poiesis and the erythrocytes’ content of reduced glutathione. His 
studies on this subject will be continued, especially with a view to 
the leukoses, in which the blood’s content of reduced glutathione 
can be very large. 
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These reseaiches were begun in the Bicgtlam Hospital in Copenhagen and 
in the Niels Slecnscn Hospital in Gcntoflc. I am indebted to the chiefs of these 
two institutions for the excellent facilities afforcicd me there for my work. 
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The Circulation in Fallofs Tetralogy. 

By 

P. ESKILDSEN. 

(Submitted for publication February 5, 1944). 


The understanding of the pathogenesis of congenital pulmonal 
stenosis with a defect in the septum interventriculorum is closely 
connected with the understanding of the abnormal circulation in 
this affection both as regards the quantitative and the qualitative 
conditions. Therefore, with a view to determining the volume 
of that part of the Venous blood which perfuses the lungs and the 
remaining part which passes through the septum defect into the 
aorta, I have performed a series of examinations on a patient with 
typical morbus caeruleus (the tetralogy of Fallot). Such examina- 
tions have hitherto been performed to but little extent (Raab 1924; 
Dautrebande, Marshall, Meakins 1929). 

For the sake of completeness the abnormal circulation shall be 
recapitulated briefly. The blood from the right atrium during 
the diastole passes to the right Ventricle Whence, during the systole, 
it is pumped partly through the stenosed pulmonal artery, partly 
through a defect in the septum interventriculorum, into the aorta. 
The site of the aortal ostium in relation to the septum may Vary, 
often the aorta is found riding on the septum corresponding to the 
defect so that it will be possible from the aorta to look down into 
the right as well as into the left Ventricle. Thus the aortic blood 
consists partly of Venous blood (via the septum) and partly of 
oxy’^genized blood which from the lungs has passed through the left 
atrium, and the left Ventricle. 
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Tims the right ventricle will be charged Avith some of the work 
of the left ventricle, having to discharge its content against the 
relatively strong resistance in the greater circulation. The conse- 
quence thereof is an often considerable hypertrophy of the right 
ventricle which, in casu, presented itself electrocardiographically 
as a marked axial deviation to the right and, roentgenologically, 
by a someAvhat enlarged heart with hypertrophy particularly of the 
right ventricle (which measured 30 by 16 by / .5 cm). 

To the difficult transport of oxygen due to the reduced pul- 
monal circulation the organism responds by compensatory poly- 
globulism. In this patient the Hgb.was found to be 175 per cent 
(hacmonieter sicca) and erythrocytes about 9,3 mill. 


Technic and Therapeutic Results. 


The patient having been practised in the technic the arterio- 
venous utilization was determined 5 times with Grollnmn’s acety- 
lene method and made up after Lindhard’s formula. Tlie examina- 
tions were performed on the fasting patient in dorsal position. He 
was carried to the examination room, because, after the fairly long 
walk from the sick-room, it proved to be difficult to reduce the 
metabolism to the vicinity of the standard value. For the calcu- 
lation of the minute volume the metabolism was determined 
with the Douglas bag method in a 15 minule period. (In 1 case 
Krogh’s metabolism apparatus Avas employed). Analyses of sam- 
ples of air Avere carried out Avith Haldane’s apparatus modified by 
Krogh, Tlie results are recorded in the subjoined table. 

Patient K. E. G. Case report No. 963/43, mt. 26 


No 

O-consUniption m n. 
Date , „ 

{cm») 

Utilization 
(cm® per liter) 

O-consumption -pnlmonal 
utilization flow 

1 

25/8 

219 (Krogh) 

92 

2.39 

2 

4/9 

21C (Douglas) 

SO 

2.70 

3 

28/9 

231 ( ,) ) 

93 

2.48 

4 

12/10 

244 ( ,) ) 

97 

2.52 

5 

14/10 

242 ( ,) ) 

105 

2.30 


In the experiments 3 and 5 determination of metabolism, arte- 
ria puncture and utilization determination Averc performed in 
immediate succession. The arterial blood Avas drawn from the 
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femoral artery with the cannula mounted on a glass syringe whose 
piston was greased with paraffin oil, Tlie dead space was filled with 
a concentrated, boiled out oxalate solution. Tlie blood (about 15 
cm'^ in all the experiments) was at once transferred to a small 
quicksilver recipient, and the mouth and boring of the cock were 
closed with quicksilver. The sample was placed in the refrigerator 
until the analysis could be made some hours later. 

The determination of the oxygen content of the blood was per- 
formed with a Van Slyke apparatus in the usual manner (duplicate 
determinations). 

The following values were found: 

Ox 3 ’'gcn capacit 3 ^• 32.1 vol. %. 

Oxygen content of arterial blood in exp. 3: 24.8 vol. %. Degree 

of saturation: 77 %. 

)) » » » » » » 5: 24.7 vol. % Degree 

of saturation: 77 %. 

The ox^^gen content of the mixed venous blood must thus be: 

In experiment 3: 0.95 x 32.1 — 9.3 = 21.2 vol. %, 

» » 5: 0.95 X 32.1—10.5 = 20 vol. %, 

as it is presumed that the blood in the lungs attains a degree of 
saturation of 95 per cent. 

The ox^^gen content of the volume of blood flowing through 
the aorta in 1 minute may then be expressed by the following for- 
mula: 

L X total capacitj’’ x 0.95 -f X x a = (L -f- X) X b, 

L being the pulmonal flow% X the volume sought for wdiich passes 
through the septum defect per minute, a being the ox^-^gen content 
in the mixed venous blood, b the oxygen content in the arterial 
blood. The values found being inserted, the following figures are 
obtained : 

X L X -f L = minute volume . ^ 

(L/min.) (L/min.) of greater circul.ation (L-fX) 
3.93 2.48 6.41 <31 % 

2.84 2.30 5.14 55 % 


Experiment 3 
» 5 
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Discussion. 


The presupposition for the correctness of the reported results 
is (1) that the blood is saturated (about 95 per cent) in the lungs, 
and (2) that there arc no abnormities causing reflux of blood from 
aorta to pulmonar}' artery. 

To (1), Neither clinical nor roentgenological signs of stasis 
being demonstrated, the diffusion may be regarded as reliably 
undisturbed. Nor was any emphysema detected, where the in- 
creased residual air and the bad mixture of the insjuralion air 
might occasion a partial decrease of the oxygen tension of the al- 
veolar air and, consequently, insufficient saturation of I lie jnil- 
monal blood. 

If the pulmonal flow is reduced, which may be anticipated after 
the whole nature of the affection, it must moreover be regarded 
as exceedingly probalilc that complete .saturation is attained. 

To (2). Here wo chiefly think of ductus arteriosus jiersistens 
which would render the application of the acetylene method im- 
possible, since tlic chief condition here is that acetylene-contain- 
ing blood docs not flow liack to the lungs within the lime of expe- 
riment. If that docs happen, the determination of utilization will 
yield too high figures, and the mimile volume will lie calculated 
too low. Even though the combination of the two abnormities 
must he regarded as rare and signs of a ductus arteriosus jiersislens 
were not delected voentgenologically, the possibility of its exist- 
ence must be said to impart some uncertainty to llie results. A 
patent foramen ovale will scarcely give rise to mistakes, since the 
blood stream through it must be assumed to go from right to left, 
the right atrium during the diastole receiving about twice as mucli 
blood as the left. 


The pulmonal flows found, which indeed amount to about half 
of what is found in the normal, quite agree with Lindbard’s results. 
Tins author examined a 23 year old patient with morbus eaeruleus, 
and in 12 experiments found 1.37 to 2.51 L (averagely 1.89 L)! 
These somewhat lower figures might indicate that the stenosis was 
more pronounced in his patient than in ibis case. The clinical pic- 
ture also seems to show Ibis, for Lindbnrd’s patient was scarcely 

tori' tintf perfornr moderate muscula'r 

^'ork (400 kgm/m,in. m 10 minutes). 
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As is seen, the figures derived from experiment 3 are higlicr 
than in experiment 5. In experiment 3 the patient vas very rest- 
less, struggling under palpation of the genito-femoral sulcus, and 
prior to the experiment a vain attempt at puncturing the brachial 
arter}’' had been made. Experiment 5 went off smoothly. On 
the other hand the percentual part of the total minute voliuae 
passing through the septum defect was fairly the same in the tvto 
experiments, thus showing that half of the minute volume of 
the greater circulation passes unoxygenized through the defect. 

The cyanosis. Tlie cyanosis of hands and feet was pronounced 
when the patient was resting, whereas his face was rather erydhro- 
cyanotic. On performing moderate muscular work (300—100 
kgm/min. on Krogh’s ergometer bicycle) i tincreased vcr}' consi- 
derably everywhere, his ear lobules, lips and hands becoming 
blackish-blue, his face greyish-blue. The exercise gave rise to pal- 
pitation, objective and subjective dyspnea, precordial sensations 
but no precordial pain, which was reported always to occur \Yhcn 
the patient performed some harder work. 

The cyanosis depends of the colour of the blood, and it appears 
when the mean oxygen deficit of the capillary network has reached 
a certain magnitude. The mean oxygen deficit is not knovn, and 
C. Lundsgaard (1919) therefore uses the sum of the deficit on the 
arterial and on the venous side of the capillary network, finding 
that the cyanosis appears when this sum exceeds 13 vol. %. It may 
here be inserted that it will be more correct to express the deficit 
sum as a relation of the total capacity, since the colour of the blood 
may not be due to the reduced hemoglobin alone, though also to 
the amount of oxyhemoglobin admixed to it. In Lundsgaard s 
experiment the total capacity was 20.8 vol. %, and the deficit sum 
of 13 vol. % thus corresponds to 63 per cent of the total capacit}. 
In my experiments the oxygen content of the blood of the venae 
cutaneae is not knovTi, but if the deficit of mixed venous blood is 
used instead, the mentioned sum during rest is 59 per cent of the 
total capacity (7. 1 x 100: 32.1 -1-11.5 X 100: 32.1), that is to say, 
just close to the limit of cyanosis. 

During work this becomes still more distinct. During an exer- 
cice as that performed by the patient the utilization in a normal 
person would rise from about 5 to about 8.5 vol. %. In the patient 
it will correspond to a rise from about 10 to about 17 vol. %, if fim 
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minute volume increases in a proportion corresponding to the 
magnitude of the work. On applying the mentioned equation 
L ^ 31 q. X X a = (L + X) X h to the calculation of the volume 
of blood which has passed through the septum defect, an idea of 
the arterial oxygen saturation (b) may be obtained, if a = 14, L = 
42 , X == 58, since the proportion between L and X according to 
the figures found in resting must be about 42: 58. b then becomes 
about 21 vol. %, and the arterial deficit, about 10 vol. %. Tlie 
deficit sum during work will thus be 84 per cent of the total capa- 
city or considerably above Lundsgaard’s limit of cjmnosis. 

Even though absolute importance with regard to the cyanosis 
of this patient cannot be attached to these values, thej' nevertheless 
afford an idea of the primary responsibility of the insufficient 
arterial oxygen saturation for the cyanosis partly during rest and 
partly during work. 

Tlie figure, 17 vol. %, applied to the venous deficit during work 
certainly is too low too, for under circumstances as these which 
present pronounced decompensation (dyspnea, precordial sensa- 
tions, extreme cyanosis) it must be anticipated that the minute 
volume cannot be increased in proportion to the work. Suggestive 
in this respect is the venous pressure which, on being measured in 
1937 during the patient’s stay in the internal department B of the 
Rigshospital (case report 488/37), amounted to 170 mm hydro- 
static pressure or about double the normal. Thus the flow from the 
right atrium to the left ventricle must have been made difficult, 
probably on account of insufficient discharge during the systole 
caused by the many difficulties of the right ventricle. It must 
work against the resistance of the greater circulation, the conditions 
of discharge to the aorta may possibly be difficult and, finally, the 
oxygen supply of the hypertrophic myocardium — especially during 
work — certainly is compromised in a marked degree. Thus the 
utilization will increase, the blood which through the septum de- 
fect is mixed with blood from the lungs will be still poorer in oxy- 
gen and the arterial oxygen content will be further decreased. 

About the peripheral component of the cyanosis, i. e. the de- 
creased rate of flow in the cutaneous capillaries and the increased 
deoxidation due to it nothing can be said with certainty. In my 
opinion, however, it is natural to think that the minute volume 
during rest and particularly during work greatly consists of the 
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blood from the muscles and other organs with great requircmcals 
of oxygen, whereas the irrigation of the skin is decreased as mucl\ 
as possible. 
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In the present paper a large material is produced of ascorbic 
acid determinations in serum from normal persons and from pati- 
ents suffering from sciatica or other diseases, which cannot be 
supposed to influence the concentration of serum ascorbic acid. 
Tlte investigations, which have extended over 16 months sliow 
that the ascorbic acid content in scrum is subject to tv-pical sea- 
sonal variation. The ascorbic acid content in persons examined 
within the same month varies considerably. Tlie knowledge of the 
fluctuations in normal persons at different times of the year is a 
necessary basis for estimating investigations on serum ascorbic 
acid in special morbid conditions, e. g. peptic ulcer, which will be 
the subject of an examination in a following paper. It is possible 
to demonstrate a close relationship between the ascorbic acid con- 
tent in diet and in serum. 

The direct reason of these investigations is a vvirkby Ottsen and the 
opposition by Dr. phil. P. Brandt Rehberg at the public defence of this 
thesis (1942). Ottsen could not prove any relation between the ascorbic acid 
concentration in serum and the ascorbic acid content in diet. His material 
TOs 406 normal persons {including 70 nurses and S7 feebleminded cliild- 
en). tor the first two groups analyses of diet have been carried out for 
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three or four weeks; in the last group the amount of ascorbic acid supplied 
has been calculated from very accurate anamneses of diet. For each pet- 
son two determinations of ascorbic acid have been made. A relation 
between the amount of vitamin G supplied through the diet and the 
ascorbic acid content in serum could not be proved with certainty in any of 
the three groups. By means of Lund and Lieck’s method Holger Nielsen 
(1938) and Trier (1940) have found evident seasonal variation in the con- 
tent of serum ascorbic acid. By rough anamneses of diet no disagreement 
between the ascorbic acid concentration of serum and the estimated 
C-content of diet was found in any case. Emmerie and v. Eekelen (1937), 
too, have found distinct seasonal variation. Several investigators have 
demonstrated increase in serum ascorbic acid after intake of vitamin C, 
for instance Farmer and Abt (1936), Herlitz (1928) and Brsestrup (1939). 
In the thesis of the latter the following experiments are mentioned: 5 
patients are charged with 40 to 50 mg ascorbic acid per kg body weight, 

4 to 6 hours after the administration an increase in the content of serum 
ascorbic acid of 0.40 mg per cent was found. The patients had not reached 
the initial values until 48 hours alter the administration. Finally Gran- 
don, Lund and Dill (1941) ought to be mentioned. They have carried 
out a self-experiment with C-free diet during 6 months. After 42 days 
of C-free diet the ascorbic acid content in serum fell from 1 mg per cent 
to 0 mg per cent. The first symptoms of scurvy did not show until after 4 
months in the shape of lassitude, loss in weight and circumpillar keratosis. 
After 6 months delayed wound healing appeared. 

The accuracy of the method employed and the influence of different 
factors on the result. Farmer and Abt’s method, as described in Brses- 
trup’s thesis, has been employed. A few modifications were intro- 
duced, however, serum being used instead of plasma. Besides 
double amounts of serum, metaphosphoric acid and water were 
taken, which made it possible to make three titrations on each 
sample. The titrations were carried out ‘with day-light bulb in a 
dark-room.. The blank values were all about 0.005 to 0.007. Ex- 
periments on the accuracy of the method, in which known solu- 
tions of ascorbic acid in 2.5 per cent metaphosphoric acid were 
titrated, have been carried out. Tire deviations did not exceed 
0.05 mg per cent. In the triple titrations the same result was gene- 
rally obtained. The deviations practically never exceeded 0.08 mg 
per cent, which corresponds to one division on the burette. The 
results are computed as the average of all three titrations, fro^f 
which is deducted the average of at least 6 blank values. 

The blood samples were collected partly after the breakfast of 
the patients, partly 1 y 2 to 4 hours after the mid-day meal. Blood 
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samples were not collected from patients winch on the day of the 
experiment had eaten fruit before the veni-pimcture. As the pati- 
ents’ dinner generally contains potatoes, the ascorbic acid values 
jn.i«ht possibly be higher than the fasting values. According to 
Dagulf (1939) and the statement made by other authors the daily 
supVy of ascorliic acid amounts to about 60 mg in the C-richest 
months and in tlie C-poorest months to about 15 mg. From, this it 
is estimated, that the dinner of the patients hardly contains more 
than 50 mg ascorbic acid. Several authors have demonsti ated an 
increase in scrum ascorbic acid after charging with 300 to 700 n^g 
ascorbic acid. Lund (1939) for instance finds an increase in the 
content of serum ascorbic acid of 0.5 mg per cent, 1 ^ and 4 hours 
after the oral administration of 700 mg ascorbic acid. After tliis it 
does not seem likely that an administration of 50 mg ascorbic acid 
would give an increase which could be proved with certainty. 

In order to examine this question 10 experiments were under- 
taken in which tlic serum ascorbic acid was determined fasting 
and 1 y 2 and 4 hours after oral administration of 50 nrg ascor})ic 
acid to the completely healthy persons. It was not ])ossiblc to 
demonstrate any increase in the content of serum ascorbic acid. 
On account of the small material it is not possible to draw any 
definite conclusions, but the results sccni. to indicate that it is 
hardly important in these investigations, that part of the blood 
samples were collected 1 to 4 hours after the palicnls’ dinner. 

Some experiments have been carried out to examine the stabi- 
lity of ascorbic acid in blood samples (a), scrum samples (b), and 
in the metaphospboric acid filtrate (c). 

a) In 10 experiments scrum ascorbic acid was determined 
immediately after the blood collection and after the blood samples 
had been standing in the iceiiox for 24 hours before centrifuging. 
In one case the deviation was beyond the limit of error, viz. 0.09 
lug per cent. The experimental values arc plotted in fig, 1. 

h) By the examination of three samples, kepi as serum in the 
Jce-box for 24 hours, in two cases a decrease of 0.28 mg per cent 
was found, after which further examinations were not undertaken. 

c) Tlie metaphospboric acid filtrate was kept in the icc-box 
lor 24 hours. In 5 cases out of 14 a distinct decrease was found. On 
eotier hand determinations in the metaphospboric acid lillrale 
0 or 4 hours showed deviations within the limit of error. 

^3 Acta med. scandinav^ VoL CXVIL 
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Table 1. 

Determinations of serum ascorbic acid immediately after the blood collection 
and after standing of the blood in icc-bo.x for 24 hours before centrifuging. 


0 hours 

24 hours 

1.52 mg per cent. 

1.55 

mg per cent. 

0.52 » 

0.45 

» 

0.80 1) 

0.78 

I) 

0.76 » 

0.69 

& 

0.95 .) 

0.88 

s> 

0.G4 D 

0.60 


0.56 » 

0.57 

i> 

0.59 » 

0.57 

i> 

p 

to 

0.28 

» 

0.28 » 

0.28 

» 

1.09 » 

1.00 



In consequence of these results the blood samples were generally 
analysed immediately after the blood collection and always within 
24 hours. Tlie titrations were always carried out as soon as possible 
after the precipitation, two hours after at the latest. 

The first 100 determinations were carried out at the Biochemical 
Institute, Aarhus, by civil engineer Kirsten Volqvartz, the rest 
by the authors, partly at the Biochemical Institute, partly at Aar- 
hus County Hospital. 


Own investigations. 

The investigations were commenced in November 1941 and 
completed in April 1943. During September 1942 no analyses were 
taken owing to the illness of the authors. In all 650 ascorbic acid 
determinations on 346 persons have been undertaken. All the 
subjects have had ordinary plain diet and persons that have eaten 
plenty of fruit have been included, whereas patients who have had 
pure ascorbic acid have been omitted. In 25 cases 0 mg per cent 
ascorbic acid was found. These values mainly occurred during 
spring. None of the patients showed symptoms of scurvy. The 
average values of ascorbic acid for the. patients investigated appear 
from Table 2 in which the numbers of determinations of serum 
ascorbic acid, the average in mg per cent and the standard devia- 
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Table 2. 

Number of determinations of scrum ascorbic acid, their anthmctic average 
Number ol ,t„„rtard deviation for the separate months. 


19/11— 19/12 41 .. 

14/1 —28/2 42 . 

March » • 

April— May » > 

June » • 

July » ■ 

August » . 

October » . 

November » 

December » • 

January 43 . 

February » . 

March » • 

April 9 . 


number 

nverageinmg 
per cent. 

standard 

deviation 

' 

44 

0,32 

0.24 

32 

0.33 

0.24 

.31 

0.33 

0.25 

20 

0.15 

0.11 

27 

0.04 

0.03 

41 

0.31 

0.31 

71 

0.77 

0.32 

55 

0.62 

0.35 

54 

0.38 

0.21 

43 

0.33 

0.19 

68 

0.28 

0.14 

50 

0,23 

0.13 

68 

0,20 

0.13 

47 

0.14 

0.10 


The standard deviation has been computed from tlic following formula 



tion for each separate month arc given. Tabic 2 siiows tliat tlie 
lowest average 0.04 mg per cent is found in June and tlie greatest 
0.78 mg per cent in August. As appears from Table 2 there is a 
definite seasonal variation, the values of scrum ascorbic acid falling 
in the course of spring until a minimum is reached in June, followed 
by a considerable increase in July and the beginning of August. 
Hie season curve found corresponds approxim.atelj’’ to the varia- 
tion described by other authors in this country. By the examina- 
tion of 169 children suffering from otitis media Bcch Mathicsen 
(1942) thus finds a quite similar shape of curve with a minimum in 
June. Trier and Holger Nielsen both find a minimum in May, 
The rather late increase in our material is perhaps due to tlie late 
arrival of spring in 1942. By considering the values for each month 
A is seen from Table 2, that the standard deviation is very big> 
especially in July, August and October. 


500 


INGRID EBRESEN and MOGENS RASMUSSEN. 


Examination on the serum ascorbic acid for normal persons ajkf 
ihe intake of vitamin C. 

Tlie results of the examination of serum ascorbic acid in 6 
persons arc presented. The individuals in question have eaten the 
ordinary plain diet of the hospital; the addition of ascorbic acid 
has been varied by the administration of this substance in diffe- 
rent ways either as fruit or as pure ascorbic acid by mouth. (\Ve 
have used tabl. Ido C, 1 tabl.: 25 mg ascorbic acid). For each pati- 
ent information of the diet and a graphic representation of the va- 
riation of the serum ascorbic acid is given. Abscissa axis; time in 
days. Ordinate axis (left side); scrum ascorbic acid in mg per cent. 
Ordinate axis (right side); ascorbic acid added to the diet in mg per 
day. Pure ascorbic acid is reproduced as O , while fruit is repro- 
duced as H and has been valued by estimation. 

Case I. 

No. 389/42. F. 40 years. Diagn. sciatica. 

Adm. 24/11 — ‘il, disch, 31/3 — '12. Before the admission the patient 
has eaten plenty of fruit and vegetables daily. 

24/11 — 4/3 — 42: Ord. plain diet — fruit. 

4/3 — 10/3 ; )> )> + 1 — 2 oranges + apples daily. 

11/3 — 18/3 ; » » — fruit. 

19/3 -—25/3 : » » -f 1—2 oranges + apples daily. 

26/3 — -30/3 : I) » 1 orange daily. 



Conclusion; An evident increase is seen after a daily supplement of 1 
or 2 oranges + apples. 

Case II. 

No. 355/42. M. 41 years. Diagn. sciatica. 

Adm. 26/1 — 18/3 — 1942, Before admission the patient has eaten ordi- 
nary diet. 
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28/1 — 22/2; Ord. plain diet — fruit. 

23/2—25/2; » » + C apples daily. 

26/2—1/3; D » — fruit. 

2/3— 3/3; » I) -f 2 oranges 2 apples daily. 

4/3—10/3; » » + 4 apples daily. 

11/3 — 18/3; » » — fruit. 

Conclusion; Rise after supplementary addition of 6 apples daily, fiirllicr 
rise after 2 oranges, after that decrease in spile of daily addition of 4 
apples; ivhen the addition of fruit is stopped the patient reaches the 
initial values. 

Case II i. 

Ro; M. R., M. 25 years. Medical man. Ordinary plain diet. Healthy. 
9/4 — 21 14 42; 50 mg asc. acid daily + 1 orange daily. 

22/4 — 27/5 ; Ord. plain diet — addition. 

28/5 — 29/5 : » 50 mg asc. acid daily. 

30/5 — 3/6 ; » » 200 mg » » » 

4/6 — 15/6 ; » '> + 50 mg » » d 

16/6 — 4/7 ; » ^ + fruit. 
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5/7 — 8/7 42; Ord. plain + about % kg strawberries da'dy. 

9/7 — 27/10 ; » » — addition. 

Conclusion: Fall during May on ordinary plain diet, steep rise alter 
200 mg ascorbic acid. Increase after addition of strawberries. 

Case IV. 

No. 90/42, F. 51 years. Diagn. sciatica. 

Adm. 8/6 — 27/7 — 1942. Before the admission the patient has had 
ordinary plain diet. 



18/5 — 27/7 — 42; Ord. plain diet — addition. 

From about 4/7 the patient had new potatoes, a couple of times a plate 
of strawberries. 

Conclusion: Distinct increase after new^ potatoes. 

Case T*. 

No. 1130/42. M. 19 years. Diagn. rheum, fever. Acute nephritis. 

Adm. 24/4—19/9—42. 

24/4 — 2/7 — 42; Ord. plain diet — addition. 

3/7 — 11/8 ; » i> 50 mg asc. acid daily. 

12/8 — 28/8 : » i> — addition. 

Conclusion: Distinct increase after 50 mg ascorbic acid, at the same 
time it must be taken into consideration that the patient has had 
new potatoes since 4/7. It appears that it is a fortnight before the 
patient reaches the values that correspond to the big daily supply. 

Case VI. 

No. 889/42. M. 51 years. Diagn. sciatica. 

Adm. 11/6 — 24/7 — 42. Before the admission the patient has eaten 
ordinary diet.. After the discarge the patient came in for ambula- 
tory treatment. In that way it was possible to continue the inves- 
tigation until 7/8. ‘ . 
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Case V 




11/6—19/6 
20/6—24/7 
25/7—27/7 
28/7-31/7 
1/8— 3/8 
^/8— 7/8 


-42: Ord. plain diet — addition. 


» 

» 


+ 100 mg asc. acid daily, 
diet — addition. 

+ fresh fruit daily. 

— addition. 

+ fresh fruit daily. 

the waTstopred“°D“S^^ 

tether seen that it .^12 daTs beJi « is 

"Oily in spite 0 , He great Saify °ddian!““°’''’“ ““ 
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The content of serum ascorbic acid on fairly constant diet. 

In 45 patients the concentration of serum ascorbic acid has 
been cleterm.ined 1 or 2 weeks after the admission and at the 
discliarge 1 or 2 weeks later. During their whole stay in hospital 
the patients have had ordinary plain diet without supplement of 
vitamin C-containing foodstuffs. The investigations were under- 
taken during the months in which the composition of the hospital 
diet with regard to vitamins may ]>e considered as fairly constant; 
thus patients who were admitted during the period July-August 
are not included here. In 42 of the patients about the same value 
of ascorbic acid content in serum was found in the two examina- 
tions. As an example a 54 ycarold man suffering from sciatica 
may mentioned. 15 days after the admission the concentration of 
serum, ascorbic acid was 0.32 mg per cent, 8 days later 0.29 mg per 
cent. In three patients only a fall in the concentration could he 
demonstrated, viz. 0.28 — 0.13 and 0.12 mg per cent. No explana- 
tion cf this can be given. 


Discussion. 

It appears from the investigations that the content of serum 
ascorbic acid in one and the same individual adjusts itself to a 
relatively constant level, when the individual has eaten ordinary 
hospital diet — fruit for more than one -week. Unfortunately our 
material is not large enough to elucidate the question whether dif- 
ferent individuals on the same diet adjust themselves to the same 
level. The serum ascorbic acid level of normal persons is subject 
to considerable seasonal variations. The knowledge of the posi- 
tion of the average level and the size of the standard deviation in 
normal persons must be the basis of estimating whether the ascorbic 
acid concentration in this or that illness deviates from the normal 
condition, and it must be emphasized that the standard devia- 
tion in normal persons is extraordinarily large. It is unusual, 
hoAvever, to see spontaneous values above 1.5 mg pen cent. NS'ith 
regard to the lower limit it has been shown by Crandom, Lund and 
Dill, that it can be 0.00 mg per cent for 4 months before the appear- 
ance of symptoms of scurvy. In the material presented here the 
content of serum, ascorbic acid is 0.0 mg per cent in 25 persons 
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without any of these persons showing symptoms of scurvy. Tlie 
zero values appear during the months of February to June. It 
depends to some extent on the season whether zero should be con- 
sidered a normal value. In May and June it can hardly be called 
an abnormal value. It appears further from the material presented 
here, that there is a definite relationship between the ascorbic acid 
content of the diet and the content of scrum ascorbic acid. If one 
considers for instance the curves of the last three patients it is 
obvious, that the concentration of serum ascorbic acid varies with 
the administration of fruit or pure ascorbic acid in such a way, 
that the more ascorbic acid is given the higher the level to which 
the concentration of ascorbic acid adjusts itself. When some 
authors have not found agreement between the ascorbic acid con- 
tent of the diet and the scrum ascorbic acid values, it is conceivable 
that tliey have not been aware of the long time (sec patients V and 
VI), which passes before a patient Avith 0 mg per cent adjusts him- 
self to a level that corresponds to the very great daily administra- 
tion. Another factor which possibly asserts itself is the rapid fluc- 
tuations in the concentration of scrum ascorbic acid after a single 
bigger dose if the initial value lies above zero (cf. Brmstrup and 
Lund). 


Summary. 

Farmer and Abt’s method has been employed and elucidated in 
different ways. In 316 normal persons a distinct seasonal varia- 
tion has been demonstrated by means of 650 analyses of serum 
ascorbic acid over a period of 16 months. A very large standard 
deviation of the concentration of scrum ascorbic acid is found. 
Serum ascorbic acid 0 mg per cent is found in 25 patients without 
any of these showing symptoms of scurvy. 

^ By additional administration of vitamin C to a few persons an 
increase in the concentration of scrum ascorbic acid lias always 
)een demonstrated when the period of the experiment was suffi- 
cient y long. In 42 patients out of 45 on uniform hospital diet 

ZiTTnl unchanged over a 

can ho 1 ^ ^ ^'6cks. From the present material the conclusion 

acid add relation between tlic ascorbic 

e rough the mouth and the ascorbic acid content of 
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serum. The experimental material is not sufficiently large to 
elucidate the question whether a number of individuals on uni- 
form diet will adjust themselves to the same serum ascorbic acid 
level. 
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Some Investigations on the Ascorbic Acid Content 
in Serum from Patients Suffering from Peptic 

Ulcer. 

ii. 

By 

INGRID EBBESEN and MOGENS RASMUSSEN. 
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In a previous paper we have investigated serum ascorbic acid in 

results are presented horp Af fi i cases. Ihe 
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pe.ons and in unt^td ^ 

hiarked fall in the r ^ ^ « 
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from ulcer cases. By treating with 5 g ascorbic acid an obvious impro- 
vement in the patients’ condition was established. Portnoy and Wilkin- 
son (1938) found that 55 patients with ulcer disease »suffered from severe 
vitamin G deficiency#. The plasma concentrations determined by Farmer 
and Abt’s method are stated to lie from 0.60 to 1.85 mg per cent, in 50 
normal persons, and from 0.14 to 0.59 mg per cent in ulcer patients. Bjork- 
man and Bachman (1939) demonstrate lower ascorbic acid values than 
normal in 27 cases wth ulcer. In a later paper by Bachman (1939) it is 
found that patients with bleeding ulcer have lower ascorbic acid content 
in serum than normal patients on the same diet. In none of the works cited 
above ulcer cases showing symptoms of scurvy are mentioned. Rao (1938) 
found normal ascorbic acid content in blood from 15 patients with peptic 
ulcer. Trier (1940) arrived at the same result. 

Own investigations. 

The investigations were commenced in November 1941 and 
completed in April 1943. In September 1942 no analyses have been 
undertaken on account of the authors’ illness. Farmer and Abt’s 
method was employed. A detailed description of the method used 
is given in the above-mentioned paper on some investigations on 
serum ascorbic acid in normal persons. 

The material consists of 63 patients, out of which ulcer in ven- 
tricle or duodenum had been demonstrated by X-rays in 52 cases. 
None of the 63 patients had had dietetic treatment immediately 
before the admission. Determinations of serum ascorbic acid were 
undertaken on all the patients at the admission into hospital. All 
results appear from fig. 1. The separate values are indicated 
by points. 8 cases were accompanied by hematemesis, these are 
indicated by circles. The fully drawn line indicates the arithmetic 
m,ean for the separate months. For comparison the seasonal vana- 
’tion curve found for normal persons by the authors is plotted 
(dotted line). 

It is obvious that the average curve for ulcer cases shows the 
same seasonal variation as the curve for the normal material. The 
average curve for the ulcer cases lies now a little above and now a 
little below the normal values. Hematemesis does not seem to 
appear especially among the patients with loAV serum ascorbic 
acid. In the material presented here there is no basis for believing 
that the concentration of serum ascorbic acid in untreated cases 
is lower than in normal subjects. 
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ascorbic acid content 



Fig. 1. Seasonal variation curves for ascorbic acid content in scrum. 
Abscissa: time. 

Ordinate: mg. per cent ascorbic acid in .scrum. 

Curve ( ); monthly arithmclic means for G3 untreated ulcer casc.s. 

Curve ( ..): variation curve for normal persons. 

Points and circles indicate the separate ascorbic acid values for ulcer cases. 
Circles indicate + Jieinatenicsis. 


During their stay in iiospital Uie patients were treated vvith the 
ordinary ulcer cure of the hospital, in which the diet consists of 
1 1. of egg milk -f y 2 1. of oatmeal soup for the first two days. 
During tlie following days it is supplemented with ricemeal por- 
ridge and semola gruel, later on tea and biscuits are added. During 
the following week there is a rise to a diet that may be indicated as 
fever diet, after which the diet is increased to a lenient diet in the 
course of one to two weeks. Tlic cure tlms lasts for about 4 weeks. 
In the cases where ulcer was complicated by hematemesis or mclena 
without pain the cases were treated according to a somewhat 
different principle, puree diet being given before proceeding in 8 
to 10 days to a lenient diet. In order to examine the influence of 
dietary treatment on the content of serum ascorbic acid the con- 
ration was estimated at an interval of 3 to 6 days in 35 cases alto- 
§ er. In fig. 2 the ascorbic acid contralions in 5 of the cases have 
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Abscissa; time in days from beginning of Ireotmcnl. 

Ordinate: Ascorbic acid concentrations in per cent of initial values. 

Curve I ( ): J. J. No. 1552/42. Adm. 19/11 42. Disch. 12/12 42. 

Curve II ( ); J. K. » 1007/42. » 25/7 42. » 22/8 42. 

Curve III ( ): E. S. » 1385/42. » 13/10 42. » 1/11 42. 

Curve IV ( ); 11. K. .> 1328/42. • » 7/10 42. » 31/10 42. 

Curve V ( ): S. N. » 1581/42. » 25/11 42. » 19/12 42. 


been plotted. Tlie cases are typical, but none of tlie other cases in 
the material differ csscntiallj'' from these. The initial concentra- 
tion is put arbitrarily at 100 per cent. It is seen from fig. 2, that 
the fall in concentration amounts to about 75 per cent during the 
first 12 to 16 days. "WHien the patients get potatoes the ascorbic 
acid concentration rises. 

It is well known that the ulcer diet is poor in vitamin C-con- 
taining foodstuffs. During the first two weeks the patients have 
vitamin C supplied exclusively through the milk, the ascorbic acid 
of which is given very varyingly; the patients cannot be supposed 
to have more than 10 to 15 mg ascorbic acid added through this 
foodstuff daily. According to Crandon, Lund and Dill (1941) the 
first symptoms of scurvy appeared when the ascorbic acid content 
in serum had been zero for three months. ^NHien 0 mg per cent is 
found it should be possible, according to what has been stated, 
to provoke scurvy when these patients are put on ulcer diet, and in 
this connection two cases will be mentioned in detail. 

The first case was a 67 year-old man suffering from bleeding 
ulcer. Adm. from 10/6—6/7 42. The patient had been ill for about 
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- Tiic ascorbic acid content in scrum was 0.03 mg per 

admission. On account of cardialgy^ tbc pal.ent was 
treated with ulcer diet. 17 days after admission circumpi lar bleed 
ings appeared, which disappeared by oral treatment with 150 mg 

flscorhic acid per day. 

The other patient was a 67 year-old woman suffering from an 
obstructing callous ulcer, adm. to hospita) from 19/5-25/7 42. 
Tlie patient had for 9 months had pain in the epigaslriunt attended 
by violent vomiting after meals, llic patient was treated dietetic- 
ally for 20 daysj hut as she still vomited frequently an anterior 
gastro-enteroanastomia with entcroanaslomia was made, llic 
content of serum ascorbic acid was 0 mg per cent. After the opera- 
tion the patient was exceedingly exliaiisled, circumpillar bleed- 
ings now appearing on the body and the extremities, suffusions on 
femora and crura and gingivitis. After treatment with ascorbic 
acid % g intravenously per day the symptoms disappeared in llic 
course of a fortniglit. Tlie patient was discharged on a lenient, 
diet feeling completely well. It may be added that the patient 
at a later admission in April 1943 suffered from pellagra. In llie 
first patient it is helicvcd that the diagnosis beginning scursy can 
be made, probably caused by dietetic treatment at a time when llic 
Danish food is poorest in vitamin C. Tlie development of scurvy 
in the other patient is presumably due to lowered ascorliic acid 
supply on account of the violent vomiting in connccUon wiDi a 
diet poor in vitamin C. On the basis of wliat is staled above it is 
advisable during the months poor in vitamin C to supplement tljc 
diet with vitamin C. 


Summary. 

Determinations of ascorbic acid concentration have l)ccn under- 
taken at the admission on 63 untreated patients suffering from 
peptic ulcer and gastro-duodenitis. The concCTtration.a arc found 

ymp oms of scurvy at the admission. 

35iIlcTr^ Ireaiment the ascorbic acid was estimated in 

M ™ r: : “ in a„ cnacs a conaidcrab.o 

P>»v«Wn« scu/^ ! t ® “»Wb«te to 

'«med to dcvXT “'"-'T 

develop m connection with the ulcer diet. 
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(SubmitlecI for publication February 25, ,194-i). 


Witliin a few years the introduction of the preoperative iodine 
therapy, resulting in a considerable decrease in the operation 
mortality, has given surgery a dominating position in the treatment 
of exophthalmic goiter. Still, opinions arc yet somewhat diver- 
gent as to the more precise establishment of the range of indica- 
tions for the operative treatment, so that in the various hospitals 
a var}nng number of patients are still given conservative treatment, 
entirely medical or combined with X-ray treatment. 

In recent years various authors have presented large materials 
showing the good results obtained with modern operative treat- 
ment, In this country’, Windfeld (15) and Hertz (6) liavc given 
eomprehensive reviews of the available literature on this subject 
together with their own experiences. 

In his account of the materiarfrom the Dep, D (Surgery) of 
the Rigshospital in the period of 1926 — 35, and from, the Surgical 
Rep. of the Finsen Institute in the period of 1929 — 35, a total of 
395 patients, Windfeld (15) found an operation mortality of 2.8 %. 
On personal reexamination of 340 of these patients he found 90.6 % 
to be able to work, while 4.1 % showed a lowered capacity for work 
iind 5.3 % -were unable to work. Hertz (6) presented a material 
■34 — Ada med. scandinav. Vol. CXVII. 
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of 94 patients from the Dep. C (Surgery) of the Rigshospital in 
which the operation mortality was 0. On reexamination of 90 of 
these patients 82 (91 %) were well. 

Also the results of X-ray treatment have been analyzed in 
several recent works, some of them, from this country. 

Tims Raagaard (11) reexamined 68 out of 89 patients who had 
been treated in the Aalborg County Hospital in the period of 
1922 — 35, and found 48 (70.6 %) recovered, 12 (17.7 %) im- 
proved and 5 (7.4 %) unchanged, while 1 (1.5 %) had died of exoph- 
thalmic goiter, and 2 had died from some other disease. Bjorne- 
boe (1) reexamined 79 patients who had been given X-ray treatment 
in the Bispebjerg Hospital in the period of 1924 — 34 and found that 
5 had died from diseases other than exophthalmic goiter and 3 
w^ere suffering from some other lesion. Of the remaining 71 pati- 
ents 7 (9.8 %) died of exophthalmic goiter, 8 (11.3 %) were sub- 
sequently given operative treatment, 12 (16.9 %) were ill and 44 
(62 %) were w'ell. 

In contrast hereto, more recently only relatively few studies 
have been reported on the course of exophthalmic goiter under 
entirely medical treatment, although such an account may be 
said to be prerequisite to the evaluation of the effectivity of other 
therapeutic methods. 

On the whole, however, the therapeutic results presented in the 
various accounts are directly comparable but to a slighter extent. 
Even the available patient materials differ considerably, as the 
various investigators are widely divergent in their limitation of the 
clinical picture of exophthalmic goiter, hlany of the older materials 
are largely made up of the more severe forms of the disease, while 
the more recent materials generally include a greater number of 
relatively mild cases, partly because hospitalization of such pati- 
ents has become more common, partly because of improved 
diagnostic measures. 

Furthermore, as a rule, the more recent materials of patients 
given medical treatment wall represent merely a section of the 
total material of the department concerned, as a greater or smaller 
percentage of the patients have been submitted to surgical or 
radiological treatment. Tlie range of indications for the various 
methods of treatment has been established after rather different 
principles. In some clinics, for instance, cardiac comlications 
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have been looked upon as contraindicating operative treatment, 
wliereas in other clinics the operative treatment is withheld only 
from patients with manifest cardiac insufficiency. Also the dif- 
ferent social conditions of the patients have had a considerable 
influence on the choice of treatment. 

In follow'-up studies on such materials, moreover, several 
other conditions will make a comparison of the materials rather 
difficult: insufficient size of the material, varying lengths of the 
observation period, grouping of the cases after different principles 
and finally the unavoidable subjective judgment, wiiich asserts 
itself particularly in a disease as exophthalmic goiter, in which 
the objective findings not infrequently are in striking conflict with 
the complaints of the patients. 

Of course, the clinical enrployment of determination of the 
basal metabolic rate as a routine measure has contributed consid- 
erably to settle these aspects of the question. 

For the above-mentioned reasons tlie accounts of the case 


mortality for medical treatment of exophthalmic goiter varj' 
greatly in the older material, between very low' values and values 
round 30 %. In his account of the total literature prior to 1901, 
Sattler (12) found a case mortality of about 11 %. 

In a material from St. Bartholomew’s Hospital, London, in the 
period of 1920 — 30, Fraser (4, 5) (1930 — 31) found the following 
results from conservative treatment of 64 patients: 3 died of in- 
tercurrent diseases; of the remaining 61 the resnits w’ere good in 
23 (37.7 %), poor in 15 (24.6 %), bad in 3 (4.9 %), and 20 (32.8 %) 
had died of exophthalmic goiter. 


Engel (2) (1932) w'orked up the material from the Medical Cli- 
nic I of the Seraphimer Hospital, Stockholm in the period of 1913— 
20, a total of 200 patients. Of 94 paticnls who w’ere given entirely 
medical treatment 13 had died of intcrcurront diseases, of the 
remaining 81 patients 45 (55.5 %) were capable of work, 8 (9.9 %) 
were partially able to w'ork, 8 (9.9 %) were unable to work, and 20 
(24.7 %) died of exophthalmic goiter. 

Soiling (14) (1916) w'orked up the patient material from, the 
Medical Departments of the Royal Frcdcrik’s Hospital and the 
igsiospital, Copenhagen, in the period of 1903—13. On reexami- 
non-operalcd patients he found; 13 (20 %) 
''c ,8 (10.6 %) considerably improved, 32 (42.6 7o)unaffcct- 
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ed but partly able to work, while 19 (25.3 %) had died of exoph- 
thalmic goiter (6 of them before their discharge from the hospital). 

Finally, Fenger (3) (1928) worked up the material from tlie 
two medical departments of the Rigshospital in the period of 
1913 — 24. On reexamination of 77 out of the 86 patients who had 
been given entirely m.edical treatment, he found 11 (14.3 %) 
recovered, 15 (19.5 %) nearly recovered, 11 (14.3 %) improved, 
15 (19.5 %) unchanged, wdrile 25 (32.4 %) died of exophthalmic 
goiter (17 of them before their discharge from the hospital). 

The literature has brought but scanty accounts of the thera- 
peutic results of systematic protracted iodine therapy. Eggert 
Moller (10) observed 25 patients under iodine treatment (75—200 
mg daily) lasting from, one month to 2 % years and found 1 patient 
getting worse, 1 recovered and the remaining all considerably 
improved. 

Krarup & Schmidt (7) tried to carry through a protracted iodine 
therapy in 14 out of a total of 96 patients who in 1941 — 42 were 
admitted to the Med. Dep. B, the Bispebjerg Hospital. The results 
were characterized as good in 2 cases, fairly good in 5, and bad in 
7; 5 of the latter had to be readmitted later on for operative treat- 
ment. 

Writers’ Studies. 

In the summer of 1943 we followed up the exophthalmic goiter 
patients who in the period of 1931 — 40 inclusive had been under 
non-operative treatment in the three Medical Departments II, III 
and VII of the Kommune Hospital k During this period a total 
of 191 patients with exophthalmic goiter were admitted to the 
three departments. As will be evident from. Table 1, the yearly 
number of patients was practically constant or perhaps increasing 
a little. In the following years, how^ever, there was a very marked 
increase in the number of such patients — something which was 
observed also in other clinics (8) — as in 1941, ’42 and ’43 respec- 
tively 34, 84 and 120 patients were adm.itted. The principles of 
treatm.ent have differed somewhat in the three departments, and in 
the period concerned they have varied somewhat also in the indi- 

1 We are greatly obliged to Dr. H. Heckscber and Dr. Tage Bjering, Chief 
Physicians of Dep. 11 and Dep. A’^11, respectively, for permission to make 
use of the material from their departments. 
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vidual departments. In the first years a relatively great number 
of the patients were given entirely medical and radiological treat- 
ment, whereas the operative treatment was dominating in the later 
years. 


Table 1. 

Exophthalmic Goiter Patients admitted to (he Three Medical Departments of the 
Komnmne Hospital in the Period of 1931 — 40. 


Year 

Entirely 

medical 

treatment 

X-ray 

treatment 

Operative 

treatment 

Total 

material 

1931 

1932 

1933 

1934 

1935 

193C 

1937 

1938 

1939 

1940 

7 

9 

9 

14 

13 

7 (+ 1) 

11 (+ 1) 

7 

3 {+ 1) 

6 

5 

2 

4 

1 

1 

1 

1 (+ 1) 

1 

2 

3 

4 

4 

5 (-f 3) 

7 

' -1 

12 (+ 3) 

10 

19 (+ 1 ) 

J8 (-f 1) 

15 

15 

17 

20 (+ 3) 

21 

32 (+ 1) 

24 (+ 4) 

3S (-f 1) 

23 {-f 2) 

26 {+ 1) 

SC (+ 3) 19 (4. 1) 

86 (-f 8) 

191 (-L 121 

~:r; ?r “nLtrm " """"" "»■> 


‘'■‘“Imcnl ,vas given to S9 poticnls, 3 or whom 

'tl with iodine^'^38 ■''We Ireat- 

bed. None of ti:es o r ' T confinement to 

tatment after ti.cir diselil^c)! 

the remedy consisted in 
iodide. The doses enmlnTT”^ /o^idc or iodine + potassium 
iodine per day, heina LclT from 40 to 300 mg 

patients were given difo ? / ^ small number of 

^00 mg per day. The duration of tl“ 

f^veen 2 and 9 weeks hm ^ ^ treatment varied bc- 

^'oeks, but w^as most often about one month. 
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X-ray ireaimcnt was given to 20 patients, one of whom previ- 
ously had been submilted to operative treatment The irradiation 
was usually given on 3 fields, riglit and left lobe of the thyroid, 
besides the thymus (in series with a total surface dose of 1000— 1800r 
and single doses of 150 — 200 r). Four patients were given two 
series of X-ray application (total surface dose of 1150—4300 r); 
4 patients were given three scries (3000—4800 r); 3 patients received 
four series (G300 — ^7800 r) and 1 patient received six series (a 
total of 7400 r). 

After their discharge, as mentioned, X-ray treatment was given 
to 5 additional patients, who in the hospital had received entirely 
medical treatment. 

Operative ireaimcnt was given to 91 patients; in 8 of these cases, 
however, entirely medical treatment had been tried for a consider- 
able length of time before the operation. 

Table 2 gives a survey of the percental occurrence of the various 
symptoms on admission of the patients. 

As in the further working-up of this material a particular ac- 
count will be given of the patients who received X-ray treatment, 
all these patients have been grouped together in Table 2 even 
though 5 of them received X-ray treatment only after discharge 
from the hospital. From Table 2 it is evident that the group of pati- 
ents treated operatively comprises nrorc severe cases of exophthal- 
mic goiter than do the groups given entirely medical treatment, 
as the values for the basal metabolism on admission to the hospital 
exceeded 140 % in 75 % of the operated patients, but only' in 36 % 
of the patients treated medically'. Also the group that was 
treated radiologically' includes relatively’" many rather severe 
cases. 

A total account of the symptoms in all the patients gives values 
Avhich correspond very closely to the findings reported in the 
material from the Med, Dep. B of the Bispebjerg Hospital Copen- 
hagen from about the same period (1932—41) (13). 

It is reasonable to assume, then, that the patient material here 
examined constitutes a ty'jucal section of the exophthalmic goiter 
patients Avho in the period here concerned were under treat- 
ment in medical clinics in the city of Copenhagen, not result- 
ing from any' sort of selection of the patients at the time of 
admission. 
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Table 2. 

Si2rraj of Ihc Occurrence of Various Sijmploms in the Different Groups of Patients. 
(Percental distrilHition.) 
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Tablf 

Suruey 


Group of patients 

Total size of 
material 

Died before 
di.schargc 

Information 

lacking 

Died of 

inlcrcuiTcnt 

disease 

5 a 

p « 

O = 

2. o 
- §. 

n 

y. 

0 

0:1 D / 

2. « 

w Ji, 

~ a 

Number of patients in ead 

I. Entirely medical 






M 

treatm 

84 

4 

0 

5 

75 


11. X-ray treatment 

25 

4 

1 

0 

20 


Total material 

109 

8 


5 

95 

6(6.3%) 

Windteld’s material 15 

395 

12 

10 

11 

362 

1 (O. 30 / 0 ) 


The present follow-up studies comprised the non-operated 
patients, a total of 109, of whom 8 died before their discharge 
from the hospital. 

Of the 101 discharged patients, 1 had gone abroad, so that 
any reexamination was out of the question for the present. 11 
patients had died, and the cause of death could be ascertained 
in each instance. 31 patients had later on undergone operative 
treatment, and in each of these cases clinical data were available 
from the respective departments. Of the remaining 58 patients 50 
turned up for reexamination. Concerning the remaining 8 patients, 
detailed data were obtained by mail from the patients themselves 
and from their physicians. 

Thus information was obtained about 108 of the 109 not oper- 
ated patients. 

No information was collected about the 94 primarily opera- 
ted patients, as this material will be worked up in the near future 
by another author. It may be mentioned here, however, that 6 
of these patients died in connection with the operation — after 
1935, however, only 1 out of 63 died in connection with the opera- 
tion. 

The material examined is divided into two groups. 

Group I comprises 84 patients given entirely medical treat- 
ment. 























Unable to Partly able 
work to work 


Able to work 


Bad Poor Considerably ImiUv Aide to j 

improved syniptr nn f^'cnvered work. ‘ri»t.'il| 


(% of reduced material) 


! ■127(36 %) 5(6.7%) 5(6.7%) 10(13.3%) M (18.0%)) 8 (10 70-) | 

n 

>'('■-%! 39 (io.«,;, i„i 
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B. Bad: Working capacity greatly reduced. Basal metabolic rale 
greatly increased; also other remaining sj'mptoms. 

Of the 84 patients given entirely medical treatment (Groupl) 

4 died before their discharge from the hospital (3 in thjnotoxic 
crisis, 1 with bronchopneumonia and cardiac insufficiency). 

Information was obtained about all the patients discharged. 

5 of them, had died of intercurrent affections (hEemorrhatic clialhc- 
sis; empyema; cholelithiasis; intestinal hsemorrhage; tuberculous 
pleurisy and peritonitis). 

Accordingly, the reduced material then comprises 75 patients. 

Of these 75 patients 6 (8 %) died 14 ^ years after their 

discharge, apparently as a result of their exophthalmic goiter. 
They all died with cardiac insufficiency. Positive data on auricular 
fibrillation were obtained in 5 of these cases. 

27 patients (3G %) were subsequently submitted to subtotal 
thyroidectomy, on an average about 2 years (from. 1 m,ontli to 7 
years) after their discharge from, the hospital. 4 patients vere 
hospitalized again as early as 1 m.onth after their discharge and 
were given surgical treatment in another clinic. 

Of the remaining 42 patients 32 (42.6 %) were able to work. 
But only 8 of them, (10.7 %) were perfectly free from symptoms, 
whereas 14 (18.6 %) had recovered — though with persisting rest 
symptoms — and 10 (13.3 %) were considerably improved. 

5 patients (6.7 %) were only partially able to w'ork; and 5 
(6.7 %) were bad and completely unable to work. 

Of the 25 patients given radiological treatment (Group II) 4 died 
before their discharge from the hospital (1 in thyrotoxic crisis, 1 
with cardiac insufficiency, 2 of bronchopneumonia). 

Information was obtained about 20 patients, as one had gone 
abroad. 

4 patients (20 %) were later submitted to thyroidectomy, 
from 1 month to 6 years after their discharge from the medical de- 
partment. Of the remaining 16 patients 9 patients (45 %) were 
able to work, but only 4 had recovered completely. 4 patients were 
partially able to rvork, and 3 were unable to work. 

On comparison with Group I (entirely medical treatment) 
this small group presents no definitely demonstrable effect of the 
X-ray treatment. It is to be mentioned, however, that this mater- 
ial undoubtedly is a selected part of the non-operated patients 
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md includes relatively many rather severe cases of thyrotoxicosis. 
On this account and because of the small size of the maleiial, Iheii, 
no definite conclusions can be drawn as to the effect of the X-iay 
treatment given. Nor can any sure connection he made out be- 
tween the intensity of the treatment and the subsequent course of 
the cases. 

As a supplement to the total account recorded in Table 3, 
Table 4 gives a survey of the basal metabolic rale observed on 
reexamination or at an intervening readmission for operation. At 
the reexamination the basal metabolic rate was determined amlnila- 
torily in the Laboratory of National Health Insurance Physicians. 
Unfortunately, data on the rate of metal)olism are wanting in 
several cases, some of the patients living in the country at the time 
of the reexamination, while others could not be persuaded to 
submit to this examination. 

Among the patients who had received entirely medical treat- 
ment, Group I, the basal metabolic rate was determined in 57 
3ut of 69 patients. Unquestionably normal values (00 — 110%) 
vere found only in 14 (25 %). Decidedly increased values (over 
120 %) were found in 32 patients (56 % of the examined). 

Among the X-ray treated patients normal values for the basal 
netabolic rate were relatively more frequent (41 %), and values 
or decidedly increased metabolism less frequent (41 %) than in the 
preceding group. 


Tabic 4. 


Basal Metabolic Rale of (he Palknls on Reexamination or on Inlcracning Re- 
admission for Operative Trcalmenl. 




524 KNUD DROCHNER-MORTEIS'SEN RDCl HANNE UHRBRAKD. 


Table 

Tabulation of the Material with Reference lo the 


Duration 

of illness 

at first 

admission 

Group of patients 

Total size of 
material 

Died before 
discharge 

Information 

ladving 

Died of inlcr- 
currcnl disease 

Reduced 

material 

O 

v. 

2. M 

tn 5 

s. £ 5, 

i £. 0 

0 

Number of patients in each 


1. Entirely med. 







•sC ] year 

treatm 

4S 

2 

0 

3 

43 

4(9.3%) 


11. X-ray treatment . . 

15 

1 

1 

0 

13 

0 


Total material 

G3 

3 

1 

3 

56 

4(7.1%) 


I. Entirely med 







> 1 year 

treatm 

33 

2—1 

0 

1 

SO 

2(6.7%) 


11. X-ray treatment . . 

8 

2 + 1 

0 

0 

6 

0 


Total material 

41 

4 

0 

1 

S6 

2(5.6%) 


Values under 90 % were obtained in 4 patients — 89 % in 
2, and 84 % in 2, one of whom had been given X-ray treatment 
after the first examination. None of the patients showed any 
otlier sign of myxoedema. 

Of tlie 84 patients given entirely medical treatment (Group 
I) 49 were given iodine while 35 received no iodine. Tabulation of 
the patients with a view to the tivo forms of treatment shows a 
pronounced concordance of the results. Nor was it to be expected 
that any definite information about the effectivity of the iodine 
treatment might be obtained in that ivay. For, as mentioned, most 
often this treatment was carried through only for a relatively 
short period, during the stay in the hospital, and only a few^ of the 
patients appeared to have continued this treatment after their 


discharge from the hospital. 

Concerning a small group of 11 patients, definite information 
was obtained that systematic iodine treatment had been given 
as the only form of treatment through a considerable length of 
time (2 — 4 years). On reexamination 2 of these patients were 
found to have recovered completely, 3 were cured hut with 
persistent symptoms, in 4 the condition Avas poor, in 1 it 
bad (basal metabolic rate 151 %), and 1 died wath cardiac 
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5. 


Duration o{ Illness al the First Admission. 


o 

c 

V 

r* 

(S 

Pi 

2 

Unable to 
Vv-ork 

P.artly 
able to 
work 

Able to work 

Bad 

Poor 

Consider- 

ably 

improved 

Recovered 
with rest 
symptoms 

FuJJy 

recovered 

Able to 

worje. 

Total 

t • ^ « — “ 

group (% of reduced malcrial) 


H(32.5%) 

2(15.4-%) 

3 (7.0%) 

1 (7.7%) 

2 (4.7%) 
3(23.1%) 

7 (16.3%) 
2 (15.1 To) 

7 (16.3-’%) 
2(15.4%) 

6 (13.9%) 
3(23.1%) 

20 (46.5%) 
7 (53.0%) 

10(28.6%) 

4(7.1%) 

a (S.O-J-o) 

9(lG.l%o) 

9(16.1%) 

9(16.1%) 

27 (48.3%) 

13(43.3%) 

1 (IG.6%) 

2 (G.7%) 

2 (33.3%) 

3 (10.0%) 
1 (10.6%) 

3 (10.0%) 
0 

5 (16.6%) 
1 (16.6%) 

2 (6.7%) 
1(16 6%) 

10 (33.3%) 
2 (33.3%) 

14 (38.9%) 

4 (1U%)1 4(11.1-’%) 

3 (8.3%) 

<5 (IC.G-J^,) 

3 (8.3%) 

12 (33.3 %) 


insufficiency. In 1 pnlienl auricular fibrillation, whereas Ibis 
phenomenon had disappeared in l;in 1 some changes had appeared 
in the terminal complex. 

Thus the iodine treatment has not produced any better course 
of the disease in this group than in the material on the whole. 
But this docs not allow of any conclusions ns the group is veiy 
small and undoidrtedly selected; for presumably the patients were 
given iodine treatment at home for the verx' reason that symptoms 
of th^Totoxicosis persisted. 

In the hospital this small group did not differ distinctly from 

the material in general as to symptomatology. The level of the 

metabolism, was under 120 % in 1, between 120 and IdO % in 6, 

and between 140 and 160 % in 4. At that lime, however, in 6 (})er- 

haps 7) of these patients the disease had already lasted for several 
years. 


Infornration about the duvalion of illness before the first ad 

of ‘I'o lO'SI no,i-opcrate< 

« t l 1 ™ 63, over 1 year i, 

tion onn! d"™ 

twn of illness at the time of admission. 
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From Table 5 it will be noticed that the duration of illness prior 
to admission of the patients has only a relatively slight influence on 
the subsequent course of the disease. 

Of the patients given entirely medical treatment (Group I) 
and in whom the lesion had lasted over 1 year, somewhat more 
were subsequently admitted to operative treatment (43.3 %) as 
against 32.5 %), and fewer were able to work (33.3 % as against 
46.5 %). 16.7 % were completely or partly unable to work (as 
against 11.7 %). Tlie mortality figures show no definite differ- 
ence (6.7 % as against 9.3 %). 

On division of the material in smaller groups after the 
duration of illness (for instance < 3 months, 3—6 months, 6—12 
months) the individual groups become too small to allow of any 
appraisal. 

On tabulation of the material after the basal metabolic rate 
at the reexamination or intervening hospitalization for opera- 
tion, decidedly increased values are found in 70 % of the patients 

Table 6. 


Basal MclaboUc Rale of the Paticnis on Reexaminalion or on Intervening Re- 
admission for Operative TrealmenU Tabulation with Reference to the Duration of 

Illness at the First Admission. 





raMaHliiaMM 

Duration 

of illness 
on first 

admission 

Group of pati- 
ents 

No. of pts. 

80—89 

90—110 

111—120 

121—130 

131—140 

141—150 

V 

o 

3 

O 

£3 y 

^ 2. 
n* 

ft 

■ Pt 





No. 

of patients in 

each group 

1 year 

I. Entirely 
medical 

treatm. 

39 

3 

8 

1 

1 


3 

6 

■ 

11. X-ray treat- 
ment — 

13 

0 


1 

1 

0 

0 

1 

1 


Total material 

52 

3 

12 

B 


5 

3 

B 

10 

^ 1 year 

I. Entirely 
medical 

treatm. 

28 

0 


3 


2 

2 

8 

5 

II. X-ray 

treatment. . 

6 

■ 


0 

0 

0 

1 

1 

0 


Total material 

34 

1 

7 

3 

4 

2 

3 

9 

5 
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,.l.„so illness had lasted over 1 year at the tmic of their admis- 
don but only in 50 % of ilic patients \vl\osc illness had lasted less 
S 1 "w' Sn eotrespondfng tahu, alien of the X-ray treated 
material alone, the groups become too small for any leliablc cs i 


‘ Division of the material after the length oj the observation period 
appears not in any demonstrable degree to influence the distribu- 
tion of the patients in the various categories of therapeutic results. 

In Tables 7 and 8 the. material is classified after the basal meta- 
bolic rate at the first admission of the patients. 

From Table 7 it will be noticed that the lower the initial level 
of metabolism, the more favorable was the course of the disease in 
general. This difference is relatively slight, liowevcr, and it is 
to be mentioned that one half of the patients whose basal metabolic 
rate on the first admission was under 120 % subsequently were 
given operative treatment on account of persistent signs of thyro- 
to.vicos!s. A separate tabulation of the patients whose initial baASal 
metabolic rate was over 160 % gives too small a material to allorv 
of any definite conclusions. On the whole, however, there appeans 
to be no difference in tiic course of the disease for Ibis group arid 
for the group with a basal metabolic rate between blO and 160 %. 

Turning to the cardiac changes in these patients, the following 
findings were recorded. 

On admission, electrocardiography was performed on 72 of 
the 109 patients. At the reexamination or on intermediate read- 
mission for operation data \vcrc available on the cleclrocardio- 
graphic findings in 58 patients and on auscultation of the heart on 
all the Ihing patients and most of the dead. 

Among the 84 patients who were given cniirchj medical trcal- 
ment 10 presented auricular fibrillation already during their stay 
in the hospital. 

TJiis phenomenon occurred especially in the somewhat elder- 
ly patients, the average age of these 10 patients being 52.5 years 
as against 40.8 years for the entire group. The appearance of this 
phenomenon was found not to depend on the duration of illness 
as this was less than 1 year for one lialf of the 10 patients - lust as 
tor the entire material. 

Of tl.«e patients svith auricular fibrillation 3 died in the hospi- 
tal, and 3 died respectively 4 and 5 years after their discharge. 
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Table 

Tabulation of the Material with Reference to 


Base! 

mclabolic 

mtc al first 

admission 

Group of 
patients 

c 

2. s 

-I 

S' S' 

0:1 C 

O -n 
a 

^ 5 

a S’. 

o 

rt w- 
S A-/ 

^ 5 
£ ^ 
r» C 

c 

u n 

a » 

^ « 
ft S 

2. ft 

P ft 

ft 

y 

02. i, 5. 

2. £ C 
ft ^ 

ft* 




Xumlier of patients in each group 


I. Entirely 
metf. treatm. 

30 


0 

2 

2C 

4 (15.4%) 

O 

A 

11. X-ray treat- 
ment 

l.'i 


1 

0 

10 

0 


Total material 

45 


1 

2 

30 

4(11.1%) 


I. Entirely 
mod. treatm. 

43 

t 


3 

30 

m 

120— t407o 

II. X-ray treat- 
ment 

0 

0 

0 

0 

0 

m 


Total material 


1 

0 

3 

4S 

2(4.2%) 


1. Entirely 
med. treatm. 

s 

(1 

0 

0 

S 

0 

< 120 

11, X-ray treat- 
ment 

1 

0 

0 

0 

1 

0 


Total material 

0 

0 

0 

0 

9 



In 3 paiienls the anvicular fibriilalion ^vas present on rcadmission 
for operation respectively 1 month, 15 months and 2 years after 
their discharge. In 1 patient, in Avhom auricular fibrillation vas 
demonstrated during his stay in the hospital, this phenomenon 
had disappeared at tiic time of the reexamination, 4 years later, 
although the basal metabolic rate still Avas 125 %. 

In 4 patients auricular fibrillation appeared after their dis- 
charge from the hospital. 2 of them died Avith signs of cardiac 
insufficiency respectwely 3 months and 5 years after their stay in 
the hospital, Avherc no auricular fibrillation had been demonstra- 
ted, but respectively bundle branch block and abnormal T avoats. 
In the remaining 2 patients auricular fibrillation Avas found at 
the reexamination, 10 years after their discharge. In 1 of these 
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7. . 

ihe Basal Metabolic Rale at the First Admission. 


o 

o 

Unable to 
work 

Partly 
able to 
work 

Able to work 

r* 

eu 

» 

r* 

a 

Bad 

Poor 

Consider- 

ably 

improved 

Recovered 
with rest 
symptoms 

Fully 

recovered 

Able to 
tvork 
Total 

(% of reduced material) 


11 (42.3%) 

2(7.7%) 

1 (3.8o/o) 

5(19.3%) 

2 (7.7%) 

1 (3.8%) 

8 (30.8%) 

3 (30o/o) 


2 (20%) 

0 

(30%) 

1 (10%) 

4 (40%) 

14(38.9%) 

3 (8.3%) 

3 (8.3%) 

5(13.9%) 

5 (13.9%) 

2 (5.5%) 

12 (33.3%) 

11 (28.2%) 

3( 7.7%) 

4 (10.3%) 

3 (7.7%) 

10 (25.60/c) 

0 ( 14 . 40 /^) 

19(48.7%) 

1(11.1%) 

2 (22.2%) 

2 (22.2%) 

2 (22.2%) 

0 

2 (22.2%) 

4(45,5%) 

12 (25.0%) 

5 (10.4<%) 

0(12.5%) 

5(10.4o/o) 

10 (20.8%) 

8 (16.7%) 

23 (47.90%) 

4(50%) 

0 

0 

1 (12.5%) 

2 (25%) 

1 (12.5%) 

4 (500%) 

0 

0 

0 

0 

0 

1 

1 

4(44.5%)|0 

0 

1 (11.1%) 

2(22.2%) 

2(22.5%) 

5 (54.5%) 


patients prentature contractions had been found during the stay 
in the hospital, while the other at that time sliowed normal findings. 

Of other electrocardiorgaphic Changes, isolated , abmrmaliiics 
of ihe T waves were found in 6 patients, 1 of whom died in the 
hospital, while another died 5 years later with auricular fibrilla- 
tion and cardiac insufficiency. In 3 of these patients the abnormal 
changes had dhappeared at the time of the reexamination, while 
they persisted in 1 (7 years after discharge from tlie hospital). On 
the other hand, this phenomenon had appeared in 3 additional 
patients at the time of the reexamination. 

Bundle branch block was found only in 1 patient, wlio died 
3 months later with auricular fibrillation. Multiple ventricular 
premaiure contractions were found in 1 patient who died 1 year 
35 — Ada med. scandinav. Vol. CXVII. 
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Tabic 8. 


Basal Melaholic Bate of the Patients on Reexamination or on Intervening J?c- 
admission for Operative Teatment. Tabulation with Reference to Basal Metabolic 

Rale on First Admission. 





Basal melaholic Rate, per cent of normal. ] 

Bas,nl 





n 





mclahoUc 

Group of 


cc 

0 

1 

r 

T 

H 

tc 

T 

T 

V 

'i ^ 

rale on first 

patients 


1 

cc 

o 

1 

1 



tn 


n c 

admission 


tr 



o 



o 


c- 




Xo. of patients in each group 


1. Entirely mcd. 

m 


■ 







> M0% 

Iroatmcnt . . 


0 

H 

2 

2 

3 

1 

0 

3 


II. X-ray treat. 

m 

1 

a 

0 

3 

0 

1 






1 

D 

2 

B 

3 

2 

B 

fli 


I. Entirely mcd. 

■ 

■ 

■ 







120— MO % 

treatment . . 

Q 

H 


•1 

2 

3 

•t 

G 

8 


11. X-ray Ircalm. 

U 

0 

H 


0 

1 

0 

1 

2 


Total material 

•10 

3 

10 

0 

2 

■i 

.1 

7 

10 


1. Entirely mcd. 





■ 



■ 

■ 

< 120% 

treatment , 

8 

0 

2 

2 

B 

0 

0 

B 

B 


11. X-ray trcalm. 

t 

0 

1 

0 

0 

0 

0 

0 

0 


Total material 

9 

0 

3 

2 

2 

0 • 

0 

1 

1 


later with cardiac insufficiency. Premature ventricular contrac- 
tions were found in 1 patient, ^vho on reexamination — 8 years 
later — presented auricular fibrillation. TIjc reexamination 
revealed the presence of a nodol rhythm in 1 patient who in the 
hospital had given a normal electrocardiogram. 

Thus the mentioned electrocardiographic changes were found in 
altogether 25 of the patients. Auricular fibrillation occurred in 
altogether 14 (10,7 %) and in 4 of these cases it developed after 
their discharge. 

Among the 25 X-ray-trcalcd patients auricular fibrillation 
was found in 5 during their stay in the hospital, 2 of these pati- 
ents died in the hospital, 2 presented auricular fibrillation also on 
reexamination — respectively 4 and 10 years later — and 1 showed 
a normal sinus rhythm on rcadmission for operation 3 years later, 
althougli the basal metabolic rate at this point of tim.c was 170 %. 
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In addition, the reexamination revealed auricular fibrillation in 1 
patient who in the hospital had presented a normal electrocardio- 

^ Isolated abnormality of the T waves was found in 1 patient both 
on admission to the hospital and on readmission. 

Finally the reexamination showed low voltage in 2 patients^ 
1 of w'hom had given a normal electrocardiogram on admission 12 
years previously, while the other had not been examined electro- 
cardiographically before. Both of these patients gave normal 
values for the basal metabolism at the reexamination. 

Among the 94 primarily operated patients, 80 of whom were 
electrocardiographed, auricular fibrillation was found in 5 (1 of 
these has been mentioned before under Group I) and isolated 
changes in the T waves in 6. 

So, in the total material of 191 patients 19 (10 %) had auricular 
fibrillation during their stay in the hospital. 


Discussion. 

A comparison between the therapeutic results of entirely medi- 
cal treatment of patients with exphtohalmic goiter (Group I) as 
ascertained here and the results of surgical treatment as presented 
by Windfeld’s (15) material shows indisputably the superiority 
of the surgical treatment (Table 3). 

After the medical treatment a lesser number of the patients 
became able to work (42.6 % as against 89.2 %), and only a few 
could be characterized as fully recovered, without any remaining 
symptoms (10.7 % as against 49.7 %). A considerably greater 
number presented more or less inconveniencing rest symptoms. In 
13.4 % of the patients the state of healtli at the reexamination had 
to be characterized as »hadi) or »poor») (as against 9.9 %), 

Furthermore, no less than about one third (36 %) of the patients 
given medical treatment later — on an average 2 years after their 
discharge — had to submit to operative treatment on account of 
persistent symptoms of thjTotoxicosis. 

8 % of the patients died of their illness (as against 0.3 %). 

So the state of the patients at the reexamination was consid- 
erably ^Yorsc after the medical treatment than after the surgical. 
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In addition, it is to be emphasized strongly that, in contrast to 
the surgical treatment, the m.edical implies a very considerable in- 
crease in the duration of the illness and disablement of the patients 
for a much longer period. This protraction of the illness will further 
increase the possibility of the development of complications, espe- 
cially on the part of the heart. 

The 10 patients whose condition at the reexamination was 
characterized as poor or bad, had been ill for 3 — 11 years, on an 
average 8 years, after the first admission to the hospital. In 1 of 
them auricular fibrillation had made its appearance. 3 had applied 
for disablement benefit, which had been granted them,. 

To the 27 patients who later Were given surgical treatment, 
the interval between their first admission to hospital and the opera- 
tion was on an average 2 years — at the most 7 years — of illness 
as far as may be judged from the case records, at least 17 of 
these 27 patients were operable at their discharge from the hospital. 

As mentioned above, 8 (10.7 %) of the patients were fully 
recovered after the medical treatment (without X-ray treatment). 
In 7 of these cases the disease was relatively ro,ild. In 6 of them the 
disease had lasted less than 1 year. From Tables 5 — 8 it is evident 
indeed that the therapeutic results are a little better for those 
patients who on admission had been ill for less than I year and in 
whom the basal metabolic rate was less than 140 %. The difference 
from the results for the other groups is only slight, however, and 
on the whole it will hardly be practicable a priori to make an indi- 
vidual prognosis with any particular degree of certainty. 

In the material here presented the X-ray treatment appears 
not to have had any essential influence on the course of the disease 
in comparison to the entirely medical treatment. But the number 
of patients given radiological treatment is all too small to allow 
of any far-reaching conclusions. 

With reference to the entirely medical treatment of exoph- 
thalmic goiter the conclusion of the follow-up studies here pre- 
sented will be that we have to subscribe to the statement made by 
Means & Richardson (8): ». . . it is going to necessitate the expen- 
diture of many months on an incomplete and uncertain cure, when 
symptomatic recovery is possible in a few weeks and with a high 
degree of safety by subtotal th 3 n'oidectomy in an iodine remissions. 



JIEEXAMINATIOT^ OF PATIENTS WITH 


Summary. 

In the period of 1931--40 altogether 191 patients were admitted 
for exophthalmic goiter to the three medical deparlmcnts of the 
Kommune Hospital, Copenhagen. Of these patients 84 were given 
entirely medical treatment. 

Of these 84 patients 4 died in the hospital, 5 died of intercurrent 
diseases after their discharge from the hospital. 

The remaining 75 patients were reexamined in the summer of 

1943. 

32 (42.6 %) of the patients stated that they were able to worh, 
although only 8 of them (10,7 %)wcrc entirely symptom-free, wliile 
the remainder presented more or less pronounced rest symptoms. 

5 (6.7 %) were partially unable to work, 5 (6.7 %) were entirely 
unable to work. 27 (36 %) had undergone operative treatment in 
the intervening period on account of persistent symptoms, and 
6 (8 %) had died from exophthalmic goiter. 

Data on the basal metabolic rate at the time of the reexamina- 
tion or the interx^cning operation were available in 57 of the 09 
surviving patients. An unquestionable increase in the rale of 
metabolism (over 120 %) was found in 32 (56 %). Values over 
140 % were found in 19 (33 %). 

Comparison with the results of operative treatment (V^ind- 
fcld’s material (15)) shows indisputably the advantages of surgical 
treatment. 

The results of the medical treatment arc best for the. group of 
patients in vdiom the illness liad lasted less than one year and whose 
basal metabolic rate kept at a level under 140 %. For tlie other 
groups of patients the therapeutic results differed but little, and on 
the whole it will hardly be possible to make any individual prog- 
nosis. 

On reexamination of 25 patients given X-ray treatment no 

definite difference could be found between the therapeutic results 

obtained for this group and the results of entirely medical treat- 
ment. 
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Sedimentation Rate and Room Temperature. 

By 

TORSTEN ROMANUS, 

(Submitted for publication February 15, lO-I l). 


In Spite of the great part played by sedimentation reaction in 
the clinic for determining the stale of health of patients and for 
establishing diagnosis, the inaccuracies atlacliing to tliis reaction 
have so far not been adequately probed. In the present paper it 
is proposed to discuss wliat is commonly looked upon as the most 
important source of inaccuracies, viz. the influence of tlie tempe- 
rature. 

Fahraeus (1921) was the first to deal at greater length with 
the conditions surrounding the sedimentation of the blood, even 
though, as he himself points out, various earlier authors liad made 
observ^ations of interest. Tliat the reaction has groat clinical use- 
fulness was eventually shown above all by researches on the part 
of Westergren and other authors. 

Fahraeus tried to ascertain how a previous heating, especially 
at a temperature exceeding 30° C, affects the suspension stability 
of the blood, but does not discuss the importance of temperature 
to the sedimentation itself. 


Westergren (1924) gave definite directions to the effect that 
the reaction should be performed under »room temperature)), 
i.e. 18° C., and this opinion is shared by a number of authors for 
instance Christensen and Holboll (1937), v. Domarus (1937), 
Forster (1935), de Haan (1918), Johnson (1939), Katz (1922), 
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LoAvenberg (1924), Noltze (1921), Reichel (1936), Rimini (I 934 ) 
and Walton (1933). 

Other values for standard temperature have, however, also 
been proposed, as for instance by: 


Author 

Coorcy (1925) 

Raponsky (1934) 

Beckmann (1938) 

Yardumian (1937) 

Gordon and Cohn (1928) 

Sato and Otuka (1941) 

Sasano and Ordway (1936) 37.5° C. 


Temperature 

»cooI room in winter, ice box in summer* 
18°— 25° C. 

20° C. (Water bath) 

20°— 30° C. 

23° C. 

37° C. (Tliermostat) 


Of course changes of temperature inevitably occur in a room 
Avhere the sedimentation test is performed. Furtherm.ore, the room 
temperature during high summer in Sweden does not infrequently 
exceed 18° C., whilst considerably lower figures will often be regis- 
tered in the Avinter. We can therefore quite understand Sato and 
Otuka (1941) when they say: »In einer Gegend Avie in Formosa 
Avird es am zAveckmassigsten sein, einer Thermostat mit 37° C. zu 
gebrauchen*, even though objections can be raised to the standard 
temperature suggested by them. 

The sedimentation reaction usually increases with rising tem- 
perature. In some cases, hoAA'ever, it may happen that a loAver 
figure is obtained at a higher temperature. Carlinfanti and Bales- 
tieri (1938) call this phenomenon )>reazione paradossa* and Decker 
(1939) has employed the term, »positive kalte SR». Sato and Otuka 
(1941) state that ))die Skg. ist total (partiell) uingekehrt*. By »total 
umgekehrt» is meant that the SR-curve shows loAver figures at a 
higher tem.perature in the Avhole of its course, and by DpartieU 
umgekehrU in only a part of it. (Readings made after 15, 30, 60, 
' 90 and 120 minutes.) 

The folloAving authors speak of SR as deviating from the rule, 
or as »positive kalte SR»; Carlinfanti and Balestieri (1938), Decker 
(1939 and 1941), lessen and Bing (1940), Kubo (1925), Leffko- 
witz (1933), LoAvenberg (1924), Main (1930), Miyagarva (1939) 
Nagasako (1938), Sato and Otuka (1941), Stocklin (1926) and 
Tliygesen (1942). It is noteworthy that Reichel (1936) in his mono- 
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Author 


Lowenberg 

(1924) 


Stocklin 

(1926) 


Henderson 

(1929) 


Carlinfanti 

and 

Balestieri 

(1938) 


Decker 

(1939) 

Jessenand 
Bing (1940) j 


Sato an 
Otuka 
(1941) 


Temp, in 
G inves- 
tigated 




neurologic- 

psychiatric 




3—4® 

18—20' 

37° 


Progressive paralysis patients 
show spositive kalte SR». Epi- 
leptics and dementia paraly- 
tics conform to rule. 

_ 

SR highest at 1° ad lowest at 
37°. t 


Total of 90 cases, In 30 cases SR higher at 8— 
59 leprosy, 22.5° than at 35—37°, in 2 j 

31 kala-azar cases equal figures, the rest 

Jiccording to the rule. 

Total of 104 SR 2 SR show higher figures at 
[ 12 , 2 SR show equal figures, 

rest follow the rule. 

About 40 SR in all yRei einigen Blutproben mit 

gesteigerter Sgt kann in Bezug 

auf die Temperatur ein anor- 

males Verhalten festgcstellt 

werden, und zwar die hochstc 

Vcrlangsamung bei Raum- 

temperatur und cine Be- 

schleunigung bei jeder Tcm- 

peratur-Veranderung sowohl 

^‘2^1 0° als nach 37°.9 

3000 SR from 884 106 nut nf m 

cacp,, ^ 264 tbc cases, and 

12 out of 13 acute scarlatina 
SR». 

~ 1 case of Morbus Banti: 106— 

55 mm 1 case ofUremi: 114 — 

67 mm at 19° and 40° res- 
_ pectively. 

Total 400 SR ■■ — 

12 % Dtotal ,> 

7S % »nicht , » 
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graph on Sedinrentation Reaction makes no mention of this type 
of SR. 

Results of investigations into SR contrary to the rule are given 
in the table on page 537. (The works by Kubo, Nagasako and Miya- 
gawa have not been accessible to the present author.) 

V. Neergaard (1923) says ))dass die Temperaturabhangigkeit 
von Fall zu Fall eine so verschiedene ist, dass die Aufstellung eines 
allgemeinen Temperaturkoeffizienten vorlaufig unmoglich ist*. 

Summing up it may be stated that previous authors have shown 
that temperature has a tendency to affect the result of sedinaenta- 
tion reactions, in that as a rule the rapidity with which sedimen- 
tation proceeds tends to rise with the temperature, which may 
directly influence the size of the standard error and also may pro- 
duce differences of systematic character between materials; only 
exceptionally, sedimentation will proceed more slowly at higher 
temperature than at lower. No m.ore detailed study is, however, 
available on this subject. The object of the present work is; 

1) To determine whether the inaccuracies change with tempera- 
ture so that, the standard error at high temperature is different 
from that at low temperature; 

2) To try to find a measure for the average deviation in the 
rapidity of sedimentation caused by changes in temperature, most 
conveniently expressed in mm. per degree (Celsius), and finally; 

3) To examine whether a reversal in the rapidity of sedimen- 
tation at rising temperature (slower sedim.entation at higher tem- 
perature) occurs to the extent of warranting the assertion that such 
reversals are not the result of random errors. 

X 


Investigation into error of measurement. 

Westergren (1934) determined the error in sedimentation reac- 
tion by his method to be 10 % plus 1 mm (»etwa 10 % der Grosse 
des Ausschlags plus 1 mms). This statement is based upon 280 
double determinations, the per cent distribution of which is given 
for groups with sedim.entation reactions of varying degrees. As, 
however, the absolute number in these groups is not given it is not 
possible to carry out an exact calculation of the standard error. 
We can estimate, however, that the standard error keeps well be- 
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low 10 per cent, approximately at 7 per cent. It is further more 
clear that the standard error can never be smaller than the reading 
error produced by reading to within 1 mm, which means that the 
standard error in any one case cannot be expected to drop below 
half a mm. Tliesc statements apply to findings at about 18 Cel- 
sius. Slight changes of temperature are one of the causes of this 
error of measurement, but there are also other factors in operation 
such as the more or less exact dilution of blood by adding a solu- 
tion of citrate, reading errors which are more or less unavoidable 
etc. Since temperature is an important factor it is obvious that 
under otherwise equal circumstances the error of method must 
be greater when determinations arc made under more varying 
temperature than under more unifonn temperature. It is also 
desirable that the error of method should be determined at several 
different levels of temperature, so as to ascertain whether this is 
of any consequence in this connection. The author has carried out 
such determinations within the limits of room temperature. 

The tests fonning the basis of the present investigation were 
made during the summer of 1941 at the Eira Hosjutal, Stock- 
holm, on dcrmato-vcncrcal cases. ^ 


Tabic 1 a. 


The error of measurement in sediment alion rale nl 12®, 18° ami 2.5° C. respec- 
tively. Men ami -women. Right and iefl arm. 



Sedimentation rate- group in mm 

Tempera- 

5- 

~U 

15- 

-21 

2.5- 

QHIIIII 

Lure 

Kumber — 20 

Number = 21 

Number — 29 


1 hour 

2 liours 

1 hour 

2 hours 

1 hour 

2 hours 

12° 

±0.69 

±1.62 

±2.52 

±4.13 

±4.38 

±4.34 

18° 

25° 

±0.58 

±0.51 

±1.10 

±1.51 

±2.47 

±3.15 

±4.54 

±6.72 

i3.7 / 

±‘tG2 

±5.07 

Tkican 

standard 

error 

±0.59 

±1.41 

±2.71 

±5.23 



±4.26 

±4.68 
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Table 1 b. 

The error of measurement in sedimentation rate in mm. and per cent at 12'’ 

18“ and 25“ C respectively. ’ 

Men and women. Right and left arm. 


Tempera- 
ture in C. 

Sedimenta- 
tion rate in 
mm (Mean) 

Error of measurement 

mm 

0/ 

/o 


5 — 14 mm. Number = 20 


12° 

7.5 

0.69 

9.2 

18° 

8.7 

0.58 

6.7 

25° 

12.7 

0.51 

4.0 


15 — 24 mm. Number ^ 21: 


12° 

17.1 

2.52 

14.7 

18° 

19.7 

2.47 

12.5 

25° 

27.6 

3.15 

11.4 


25 — 64 mm. Number = 29: 


12° 

41.6 

4.38 

10.5 

00 

o 

44.1 

3.77 

8.5 

25° 

56.6 

4.69 

8.3 


Method used. The tests were made with two of Westergren’s stan- 
dardized 5 cm^ syringe (citrate /blood = %) in a cubital wein one test from 
the right arm and one test from the left. After removing the tip the sample 
was sprayed into two tubes. After stirring, two samples were pipetted from 
each of these tubes, and put aside for sedimenting according to Wester- 
gren’s technique, within half an hour after performing the test, each at 
temperatures of 12“, 18°, and 25° C. Changes in temperature ± 0.5° C. 
The termostats were autogregulaled, furnished with glass doors, that is 
to say lightened. (Cp. Lenzi, 1934). At 12° the thermostat was furnished 
with frigid aggregate. The one at 18° was water-mantled and cooled with 
running pipe water and also heated by an electric element, whilst that 
at 25° was water-mantled and heated in the same way. Readings were 
made after 1 as well as after 2 hours. Usually two series were put aside 
for sedimenting simultaneously. 

The tests were made by the author and were also handled and read 
by him or under his control. (Cp. Romanus, 1941). 

The standard error of the method ivas consequently obtained 
by independent double determinations, i.e. one from the right and 
one from the left arm. of the same patient. 
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Table 2. 


The error 


of measurement tn mm and per cent after one hour and two hours 
Men and women at 12°, 18° and 25°. < 


Sedimenta- 
tion rate 
group in 

mm 

Mean of 
sedimenta- 
tion rate in 

mm. 

Error of measurement 

mm 

% 


After 1 hour; 


5—14 

9.1 

0.59 

6.5 

15—24 

20.8 

2,71 

13.0 

25—64 

45.8 

4.26 

9.3 


After 2 hours: 


5—14 

24.2 

1,41 

5.8 

15—24 

47.2 

5.23 

11.1 

25—64 

63.2 

4.68 

7,4 


Tlie standard error of the method is given in Table 1 a in mm. 
In Table 1 b the same error is given for different rates of sedimen- 
tation and is also given as a percentage. This error was obtained 
from difference's between the first test (the second test from each 
arm only served for checking the mixture) of the right and left 
arm, respectively at each of the temperatures 12°, 18° and 25°. As 
there was no marked difference between these groups the figures 
for the different temperatures were fused. Tliese will be seen from 
table 2. 

We find further that the standard error expressed in mih- 
metres both for one hour’s and two hours’ rates increases with a 
rising sedimentation rate (excepting the 2-hours’ rates in the 
groups 15 — ^24 and 25 — 64 where the standard errors are about 
equal). This is after all reasonable. When the sedimentation is 
higher there is more scope for variation. If, on the other hand, the 
standard error is calculated in percentages we find on the whole 
the same rates, although they are slightly smaller in the groups 
5 14 and 25 — 64 for 1 hour’s as well as for 2-hours’ rates. 

Tim percentage standard error is on the whole smaller than the 
figure given by Westergren and is smallest for the group 5—14 mm. 

The investigation has thus shown that the effect of tempera- 
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Table 3. 


Deviations in sedimentation rate in mm per 1 hour from 12° to 18°, 18° to 
25° and 12° to 25°. Men and women. 


Sedimen- 

tionrate- 

Num- 
ber of 

Deviation in 

sedimenta- 
tion rate in 

Number of cases outside the limits 
of the error of measurement. 

group in 

mm 

cases 

= N 

mm 

Upwards 

Down- 

Total 

% of N 

M ± e <U) 

wards 

5—14 

20 

Deviatioi 

1.2±0.26 

a from 12° 

2 ■ 

—18°: 

2 

10.0 

15—24 

22 

2.1 ±0.59 

— 

— 

— 

— 

25—64 

31 

2.2±1.1 

1 

— 

1 

3.2 

5—14 

20 

Dcviatio 

3.8±0.33 

n from 18 

17 

°— 25°: 

17 

85.0 

15—24 

22 

7.1 ±0.44 

1 

— 

■ 1 

4.5 

25—64 

31 

12.4±1.0 

4 

— 

4 

1.9 

5—14 

20 

Deviatio 

o.O ^0.47 

n from 12 

20 

'—25°: 

20 

100 

15—24 

22 

9.1±0.78 

6 

— 

6 

27.3 

25—64 

31 

14.6±1.9 

9 

1 

10 

32.3 


ture on the standard error is fairly small (cp. Table 1) under the 
variation in the temperature that occur when the reaction is carried 
out in room, temperature in the ordinary way. 


The variaiions of sedimentation rates with room temperature. 

An investigation into the sedimentation at rising tempera- 
ture shows that sedimentation rises with the temperature as well 
after 1 hour as after 2 hours. The average differences are as a 
rule significant if we put the values for the right and left arms 
together. This applies in about equal degree both to men and 
women, for which reason the data may be safely amalgamated, 
as was also done in Table 3. This table also gives the result of an in- 
quiry into the number of cases that can be said to lie outside the 
limits of the previously calculated error of method. In other words, 
it is possible to decide if the changes of temperature produced 
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Table 4. 

Deviation in sedimentation rate, calculated per degree, in Rimini’s material 
and tlie material of the present author. 


Sedimenta- 
tion rate 
group in 
mm/1 hour 

Temperature 

Total 

diviation 

in mm 

Difference in 

total deviation 

in mm 

Calculated 
deviation per 
degree in mm 



Author’s material: 


5—14 

12—18° 

18—25° 

1.2±0.26 

3.8±0.33 

> 2.6±0.41 
^ (2.1±0.41)i 

0.21 ±0.043 
0.54 ±0.047 

15—24 

12—18° 

18—25° 

2.1 ±0.59 

7.1 ±0.44 

j 5.0±0.73 
{4.0±0.73P 

0.35±0.098 
1.01 ±0.063 

25—64 

12—18° 

18—25° 

2.1±1.1 

12.4±1.0 

1 10.2±1.49 
(8.4±1.49y 

0.35±0.19 

1.77±0.1-1 



Rimini’s material; 


25—64 

10—15° 

15—20° 

20—25° 

25—30° 

8.0±0.57 

4.4 ±0.34 

7.0 ±0.49 
5.5±0.6G 

} 3.6±0.88 
} 2.6±0.60 
} 1.5±0.82 

1.59±0.11 

0.S7±0.0G8 

1.40±0.098 

1.09±0.]3 


upward and downward deviations of such a size that they could 
not in the individual cases be attributed to tlie error of the method 
used, men passing on from 12 to 18 ° we encounter isolated devia- 
tions upwards and downwards, but these are so few that it is 
doubt ul Whether they are real. It should be borne in mird tint 

rial and can therefore be slightly too small. If based on <^reatpr 

“ -- couid;tis: 

ger or smaller, ^^^len passing from 18 to 25° upward deviations 
comment stlWMrt oS r” 

met ™th. '•""■mvard deviation is 

^^ciude tWeefote in the first place that when the tempe- 

lo 24». ““ 'Olcolatcd cl,a„ees from J2' to IS" ard from 18" 
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rature rises from 18 to 25° deviations outside the limits of the error 
of method will occur more commonly than when the temperature 
rises from, 12 to 18°. We further find that within the group of 
5 — 14 mm deviations outside the limits of the error of method are 
more common at the higher temperature than at a lower, the diffe- 
rence in frequency between these two temperatures (18 — ^25°) 
amounting to 75 ± 10.4 per cent; whereas in the group of 25 — 64 
mm the difference in frequency at the same change of temperature 
is 9.7 ± 6.7 per cent. In other words a difference could be definitely 
established only in the SR-group of 5 — 14 mm. 

In order to ascertain if there is any increase in the sedimenta- 
tion rate from 12 — 18° and 18 — ^25° a further table — No. 4 — 
has been draAvn up. So as to get comparable figures a calculation 
has been made by interpolation to obtain the increase per degree. 
Tliis is found to be greater from 18 — ^24° than from 12 — ^24°. The dif- 
ference is statistically significant. Tl\e calculated increase per 
degree holds of course good only subject to the change being uni- 
form. By AVay of control the author has made a calculation on 
Riminis’ (1934) material. Tliis reveals that the increase from 
15 — ^20° is smaller than the increase from 20 — ^25°, which conforms 
to the facts established by the author. From 10 — ^25°, however, 
the increase is greater than for 15 — ^20°. Tliis might possibly 
indicate that at 10 — 11° there is a critical temperature area. Tlie 
material is, however, too small to permit of positive conclusions 
being drawn. 


The occurrence oj SR against the rule. 

During the period of January to May 1939 routine double tests 
on SR were carried out in the medical ward of the county and 
town hospital of Halsingborg. ^ 

Method of procedure. Tests were made with a Westergren standard 
syringe of 2.5 cm® as with the usual routine tests, partly on newly arrived 
patients and partly on the regular weeklj' series. After mixing the blood 
fluid in the syringe this was emptied in equal parts into two tubes. After 
stirring the blood fluid Avas pipetted into the respective tubes within 1 
hour after completion of the tests. The tests ivere pipetted at the central 
laboratory at a temperature of about 21° C hath a maximum difference of 

^ The author wishes to offer his respectful thaulcs to Th. Stenstrom Jf- D.> 
the chief of the hospital, for permission to make use of this material. 
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Table 5. 

Deviations in sedimentation rate outside the limits of the error of method 
from 11° to 21° and from. 15° to 21° in the Halsingborg material. 


Sedimen- 
tation 
rate-group 
in mm 


Investigation 
of method of 
error 


Calculated 

deviation 


M ±P{M) 


The Halsingborg material 


Num- 
ber of 
cases 
= N 


Observed 

deviation 


M±e(M) 


Number of cases outside 
the limits of the error of 
measurement 


Up- 

wards 

% 

of N 

Down 

wards 

. 0/ 

/o 

of N 

21°: 




109 

63.0 

2 

1.2 

12 

11.8 

3 

2.9 

32 

17.4 

4 

2.2 

21°: 




17 

41.5 1 

- 

_ 

1 

4.5 1 

— 


6 

10.0 1 

2 

3,3 I 


Deviation from ll' 


5—14 

15—24 

25—64 


5—14 

15—24 

25—64 


3.06±0.30 

5.45±0.62 

7.70il.24 


173 

102 

184 


3.29±0.16 

6.63±0.53 

12.13±0.89 


Deviation from 15° 


2.24±0.19 

4.06i0.35 

6.34i0.72 


41 

22 

60 


2.61 ±0.26 
4.41 ±0.65 
7.88±1.42 


10 minutes between the two series. Thereupon they were put aside for 

roor^"!!"^ laboratory mentioned and partly in^an adjoining 

room with a temperature of about li° C. (After the 1 6th of Apri/ 1939 ^ 
the temperature in tliis room was about 15° C.) 

Some inaccuracies could of course attacli to tliese tests hnt 

0?" S “PP'fe" to -gvlar hospita pZS’ 

temperatures iu the Halsingborg r^atoi”r’rrr^'"^ 
culated increase ryitli the one observed in Ir o “"’’“''e the cal- 
(TaWe 5) we find good agreement This t Tl ™“''®*’o''g material 
renees falling outside the limits of iT r ° *'“o- 

SR-group of 25-64 ailowan!! a! T «'o 

of 18 mm upwards and do™™rl T, "f ' ™ ottot latitude 

obtained in the following wav Tim la«uoIe. 18.06 mm, was 
'0 4.26 and the error fo/a differ ’“Si" SR 

6-02. The largest random -ievia^^nl: t^:™ 

-- Acta med. scandinav. Vol. CXVll. ^ 
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Tabic 6. 

Sedimentation rate in 50-year-old ^s•OInan, .suffering from anemia (incom- 

lumsalcd vifium cordis). 


D.otc 

Scdimcnl.nlion note 
in mm 1 hour .at 

Hemo- 
globin in 
per cent 

Red blood 
corpuscles 
mill. /mm’ 

ANTiile 

blood 

corpuscles 

thousand 

/mm’ 

21° 

ll'' 

1938 






28. 12 

25 

— 

80 


7.8 

31. 12 

25 


87 

3.88 


1939 






3. 1 

57 

- 

87 

3.97 

— 

7. 1 

44 

~ 

80 

4.05 



8. 1 

40 

— 

— 

— 

— 

10. 1 

— 

— 

83 

3.92 

— 

13. 1 

47 

— 

81 

3.91 

— 

IG. 1 

54 

— 

85 

4.05 

— 

19. 1 

54 

— 

87 

4.00 

— 

23. 1 

03 

— 

89 

4.00 

— 

2G. 1 

55 

— 

90 

4.10 

— 

31. 1 

04 

51 

— 

— 

~ 

57. 2 

73 

83 

— 

— 

— 

10. 2 

— 


07 

2.70 

11.2 

M. 2 

100 

105 


— 

— 

17. 2 

— 

— 

07 

3.14 

0.4 

21. 2 

73 

90 

— 

— 

— 

28. 2 


105 

08 

3.24 

— 

7. 3 

93 

117 

— 

— 


9. 3 

15. 3 

Exilus, 


GO 

2.73 



18.06. This latitude of error is safe because in the Halsingborg 
material one and the sanre test was made use of for deciding the 
difference between two tests. This produces a smnher standard 
error than when one test was taken from the right and one from the 
left arm. We arc thus at a safe distance from the margin of error. 

We find that at a change in temperature from 11 — ^21° in the 
group 5 — 14 mm there is an upward displacement for 63 per cent of 
the sedimentation tests. In the group 15—24 mm at the same 
temperature 12 per cent show such a deviation, and in the group 
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Table 7. 

Scdimcnlalion rale in 45-3fcar-ol(l woman, suffering from polj'arlhritis anti in 
14-jfcar-old girl, suffering from pleurisj’- sicca. The tests were made and read 
off at tlic same time { x — Diffuse layer of plasma and blood corpuscles). 



Diagnosis 

Date 

Polj’artlir. chron; 

Pleurisj’ sicca 

1939 

Tcmpcralure 


21° 

11° 

21° 

11° 

21, 2 

70 

4 



22.2 

G2 

3 

28 

18 

2.3 

29 

9 

28 

18 

15.3 

GO 

5 




IG. 3 

30 

1 

-'--g 


17. 3 

G1 

3 



18. 3 

34 

1 



__ 

21.3 

38 

2 



23. 3 

42 

3 

22 

11 

29.3 

50 

22 



G.4 

43 

3 



13, 4 

70 

14 




Temperature 


21° 

15° 

21° 

15° 

20.4 

51 X 

74 

25 

20 

21.4 

G1 

14 




27. 4 

69 

5 

21 

17 

3. 5 

61 

91 

— 


Temperature 


22° 

18° 

22° 

18° 

11.5 

16.5 

25.5 

30.5 I 

70 

G3 

57 

70 

87 

80 

85 

80 

30 

23 

22 

17 

17 

15 


25—64 mm 17 per cent. From t5~oi ° nr. ; 

per ce„t or the individuals Z the toZ TlT " '' 

U. SH against . 
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Table 8, 

Sedimentation rates of tests made up of plasma and blood corpuscles from 4 
individuals. Tests -were made on all the individuals and also with plasma 
from one individual and blood corpuscles from another. P = plasma. (The 
Indexfigures show from which individual the plasma was taken.) B = blood 
corpuscles. (The Indexfigures show from which individual the blood corpuscles 

were talcen.) 


Test 

Sedimentation rate in mm after 

14 hour 

1 hour 

temperature 

temperature 

12° 

25° 

12° 

25° 


P = 0.6, B = 0.2 cm® in the mixed tests; 


SR 

1 (unmixed) 

2 

4 

6 

15 

according 

Pi + Bi 

14 

25 

32 

62 

to the rule 

Pj -p Bo 

70 

83 

82 

93 

SR 

2 (unmixed) 

84 

5R 

108 

110 

against 

P 2 -f Bo 

85 

70^ 

102 

103 

the rule 

Po •+ Bi 

76 

35 

91 

79 


P = 0.8, B = 0.3 cm® in the mixed tests: 


SR 

3 (unmixed) 

2 

2 

3 

5 

according 

P3-f-B3 

6 

12 

15 

27 

to the rule 

P 2 + B, 

21 

85 

55 

107 

SR 

4 (unmixed) 

90 

90 

111 

98 

agai st 

P 4 4* B 4 

85 

. 70 

110 

123 

the rule 

P 4 + B 3 

55 

45 

109 

87 


^ The upper limil of the column of blood corpuscles was diffuse. 


the tests for the group 5 — 14 inm and in 2 — 3 per cent for the 
rentaining groups. For 15 — ^21° this downwards displacement in the 
cases under review is only discernible in the SR-group 25 — 64 mjn 
and with a frequency of altout 3 per cent. 


Some specially noteworthy cases out of the Halsingborg material. 

1. J. No. 1807 — 38. A woman aged 50 years Avith incompensated 
vitium cordis \vhich resulted in death. In Table 6 SR and the 
figures for hemoglobin as well as the number of red and white blood cor- 
puscles have been given. . Here we find that during the time when the 
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patient was suffering from pronounced anemia there u^fato 

of ^positive kalte SR». The rates for 21st February and dh March 1939 

lie outside the limits of the error of the method. ^ r 4 - 

This observation agrees with information furnished by Carlmfanti 
and Balestieri (1938) as well as by Sato and Otuka (1941). 

2. J. No. 378/39. A woman aged 45 years with primary chronic poly- 
arthritis. (Table 7). By way of comparison a case of pleuritis sicca is 
shoivn where the tests were made and read at the same time. We notice 
extreme differences here altiiough to begin with they are according to 
the rule. Later on, however, the SR course changes and we get SR against 
the rule. This even applies to a temperature difference of only 4° C. 


Some experimenis with mixed blood corpuscles and pUtsma. 

A wpixecl)) series will be found in Table 8. As regards tbe lecb- 
nique, see am.ong others Gripwall (1938). As Avill lie seen from the 
table, SR against the rule arc obtained in those tests where the 
plasma emanates from a patient with this form of reaction. Tlicse 
experiments would seem to indicate that the properties of SR 
against the rule or at least the greater part of them, arc due to the 
plasma. To deal at any greater length 'with the theoretical queis- 
tion of this phenomena lies outside the scope of the present paper. 

It may be mentioned here that Sato and Otuka (1941) liave 
suggested a method with concentrated citrate solution w'hcrcby 
SR-test becomes less susceptible to changes in temperature. 


Summary. 

riic standard temperature for scdiinciilation reactions is usu- 
ally stated to be a room temperature of about 18° C. (Westergren 
and others). A higher temperature usually gives a higher SR. 
Cases will, however, occur when the position is rcvcrsed\vhereby 
a lower SR is found at a higher temperature. Some authors have 
made reference to this condition without, however, making anv 
closer examination of it, nor do we find any calculations with refe- 
rence to the error of measurement. 

1) Tlie error of measurement for Westergren’s technique has 

ard\rr rf temperatures of 12°, Ig- 

and 25 C. The error m mm for the various temperatures reveals 
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no significant variation. (Table 1 A). "The standard error, calcu- 
lated as a percentage, consequently is slightly smaller when the 
temperature is higher (Table 1 B). 

2) At rising temperatures the course of SR shows a mean 
increase after 1 hour as well as after 2 hours (Table 3). The in- 
crease is smaller from 12 — 18° than from 18 — ^24°. ^able 4.) From 
12 — 18° the increase per degree for the group 5 — 14 mm is 0.21 ± 
0.043 mm and from 18 — ^25° 0.54 ± 0.047 mm. In the group 15—24 
mm. the corresponding rates are 0.35 ± 0.098 mm and 1.0 ± 0.063 
mm, and for the group 25 — 64 mm, 0.35 i 0.19 m.m and 1.77 ± 
0.14 mm. It is therefore better to keep the temperature somewhat 
below 18° C. rather than above this level. 

3) . An examination of a series of hospital cases reveals a posi- 
tive upward displacement in 10 — 60 per cent of the cases from, 
11 — ^21° and 5 — 40 per cent from 15 — ^21° (Table 5). A do^vnward 
displacem.ent (i.e. contrary to the rule) occurs in 1 — 3 per cent 
from 11 — ^21° whilst for 15 — ^21° this displacement is only dis- 
cernible for high SR (25 — 64 mm). 

4) Table 7 shows a case with extreme differences of SR accord- 
ing to the rule. 

5) Some experiments (Table 8) indicate that the properties of 
SR contrary to the rule are due to the plasma. 


Appendix. 

Apparatus with photoelectric-cell for automatic registration of SR. 

The apparatus which have hitherto been constructed for auto- 
matic registration of SR are all built on the principle of photo- 
graphy. 

Many such apparatus have been constructed for various SR 
methods. We have for instance the ))Sedigraph» according to 
Stammreich (see Gollnow, 1932), »The Sedimentometen) according 
to Lee (1938). There are further constructions among others by 
Frimberger (1937), Nichols and Colombus (1938),Sechi (1933) and 
by Sullkow'itch (1934). 

For the Westergren technique which was beginning to be adop- 
ted abroad on an increasing scale there are only a few apparatus 
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Fig, 1. Schematic drawing of pliolo-cJcclric apparoUis for nulomatic regi- 
stration of one scdiincnlalion test. 

(According to Visomnl »NivcaH-Ablnslcr»), 


in existence, notably the »Sctliphol)) according to Sachs (1932) 
and an apparatus according to the SNvedc Lundgren (1927). 

»Sediphot)> can register 3 tests sintultaneously but not longer 
than 2 hours. One of tlic advantages of this apparatus is that a 
light-sensitive paper is employed which requires no developing. 

Those apparatus which register only one test at a lime repro- 
duce in turn the entire course of SR, and usually across a fairly 
long period. 

With all the apparatus mentioned lierc the test has to be pla- 
ced into a dark chamber. As, according to Lenzi (1934), SR is 
hampered by darkness, tlie chances are that somewhat erroneous 
rates arc thereby obtained which would possilily not alTvays bear 
unrescived comparison with tests performed in the ordinary way. 

The apparatus of which a rough sketch (fig. 1) is shown here is 
built on the principle of registration by means of the photo-elec- 
tnc-cell. (Swedin, 1938, has constructed a photo-electrical appa- 
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ratus for measuring the absorption of light in a vessel containing 
blood, whereby an analysis of the course of aggregation can be 
obtained.) The registration can be made in a hght room. After 
the test has been placed on a Westergren stand as usual, a clock is 
set for the time the reading of the test is wanted. At the appointed 
time the photo-cell-aggregate is brought into position by a relay 
and a motor, whereupon the reading will be done automatically 
with an apparatus on the principle of »Niveau-Abtaster)). As the 
photo-cell reacts at the grading marked »Air/Plasma)) as well as at 
»Plasma/Blood Corpuscle Mixtures an accurate reading is obtained 
regardless whether the test was drawn exactly to the mark at 200 
mm. The apparatus is intended for 20 tests. 

For ordinary laboratory purposes, where only one and two 
hours’ rates are required, it is proposed to have the registering 
done On a calculating machine giving at once the figure for the 
value of SR, which might also be stamped on a sheet on paper (the 
Journal) by a simple manipulation. 

For scientific needs where it may be necessary to follow the 
course of SR, the construction is designed for about ten tests which 
are registered every five minutes on a sheet of millimetre-paper 
attached to a timed drum, by means of a needle on the photocell 
aggregate. 

The reading is done to within 0.1 mm. 

For other methods for Sedimentation Reaction it should be 
possible to work out practical apparatus on the photo-cell prin- 
ciple. TlreSe should prove simpler and cheaper than . for Wester- 
gren’s technique. An apparatus for Linzenmeier’s (1920) techni- 
que would probably be the simplest, the range for sedimentation 
being constant and time the changing factor. 

(I should like to extend my best thanks to Mr. E. Dingel, Direc- 
tor of »Kifa» and Engineer C. Ahlberg of Messrs. L. M. Ericsson, 
who carried out the experiments with photoelectric-cell, and to 
Mr. Holmsen and Mr. H. Palm., engineers at ))Kifa», for working 
out the constructional details.) 
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Vorstand; Prof. W. Kerppola. 


•ft 

Uber durch Gonorrhoe bedingte 
Gelenkeniziindungen. 

Von 

ERKKI KLEMOLA. 

(Bel der Rcdaktion am 25. Februar 1944 eingcgangen). 


Die Diagnose und Therapie der durch Gonorrhoe bedingten Ge- 
lenkentziindungen sind nach dem Jahre 1930 dadurch hochgradig 
gefordert -worden, dass man in der Gonokokken-Komplement- 
bindungsreaktion (Gonoreaktion) ein praktisches Untersuchungs-, 
mittel bei derartigen Gelenkerkrankungen und , in den Sulfon- 
amidpraparaten ein vorzxigliches Behandlungsmittel gefundenhat. 
Die Effektivitat der Chemotherapie und der Umstand, dass die 
leichten und polyartikularen Krankheitsformen besser als friiher 
diagnostiziert werden kdnnen, bewirken, dass die Behandlung der 
Krankheit von den Cliirurgen im.mer mehr an die Ihternisten 
ubergeht. 

Die in der III. Medizinischen Klinik der Universitat Helsinlci 
gemachte Erfahrung, dass die gonorrhoischen Gelenkentziin- 
dungen im Vergleich zu den rheumatischen viel haufiger sind, 
als man auf Grund der iiber die Haufigkeit der Krankheit ver- 
breitetcn Auffassung erwarten sollte, veranlasste die folgende 
Untersuchung. Da sich das zur Verfiigung Stehende Krankengut 
als relativ gross erwies und sich bei der Untersuchung interessante 
Um.stande iiber die Haufigkeit, die Pathogenese und die klinischen 
Syniptome der durch Gonorrhoe bedingten Gelenkentziindungen 
hcrausstellten, erscheint die Publikation gerechtfertigt. 
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gonorrhoische Gelenkentziindung hat bisweilen unerkannt bleiben 
konnen; andererseits waren in vielen Fallen, wo die Krankenhaus- 
diagnose »gonorrhoische Arthritis)) lautete, weitere Untersucbun- 
gen zur Sicherstellung der Diagnose notig gewesen. 

ICristensen ist der Ansicht, dass eine Gonoreaktion vom Starkegrad 
3 Oder daruber nur in Ausnahmefallen unspezifisch ist. Spatere Unler- 
suchungen haben gezeigt, dass die Bebauptung Kristensens in grossen 
Ziigen sticbhaltjg ist. Bang und Krag, die bei 1895 Patienten eines dani- 
schen ICrankenhanses fur innere I&ankbeiten in 3.2 % »starke» Reaktio- 
nen (GR 3 und daruber) antrafen, konstatierten bei 90 % den letzter- 
wabnten eine Gonorrboe oder Umstande, die fiir die Moglicbkeit einer 
Gonorrhoe spracben. Der Hundertsatz der Wahrscbeinlichkeit betrug- 
63 bei Personen mit GR 1, 71 bei solchen mit GR 2, 85, wenn GR 3 und 
weit iiber 90, wenn ein hoherer GR-Wert vorlag. 

Die Sicherstellung der Diagnose durch Gonokokkenbefund ist bei 
gonorrhoischen Gelenkentziindungen oft schwierig oder unmoglich, ob- 
gleich die positive Gonoreaktion durch Gonorrhoe bedingt ist. So ist der 
Sachverhalt besonders in solchen Fallen, wo die Gonorrhoebehandlung 
eingeleitet war, ehe der Kranke wegen seiner Gelenkentziindung ins ICran' 
kenhaus gelangte. Eine Gonoreaktion, deren Starkergrad 3 iibersteigt, 
ist mit grosser Wahrscheinlichkeit durch eine Gonorrhoe verursacht. Die 
fortgesetzte Verfolgung des Starkegrades der Gonoreaktion bringt auch 
daruber Aufschluss, ob die Reaktion durch Gonorrhoe bedingt ist oder 
nicht. Die unspezifischen Reaktionen sind im allgemeinen von kurzer 
Dauer. Man kann auch nicht immer mit Bestimmtheit entscheiden, ob die 
Erkrankung eines Patienten an Gonorrhoe einen Anteil an der Entstehung 
der Gelenkentzundung hat, weil der Kranke gleichzeitig an Gonorrhoe und 
an einer, nicht durch Gonorrhoe bedingten Gelenkentzundung leiden’kann. 
Der Umstand, dass bei Patienten, die an einer akuten Arthritis leiden, 
die positive GR und die Gonorrhoe viel haufiger sind als beianderen 
Patienten, lasst sich jedoch nicht anders erklaren, als dass die Gelenk- 
entzundung in diesen Fallen meist in ursachlichem Zusammenhang mit 
der Gonorrhoe steht. Die Zahl der Falle, in denen es sich um ein blosses 
Zusaramentreffen zweier verschiedener ICrankheiten handelt, kann sich 
nur auf einen Bruchteil der Gesamtanzahl belaufen. 

Aus den obenerwahnten Grunden sind die Patienten ledigUch 
auf Grand bestimniter objektiver Symptom.e — eines positiven 
Gonokokkenbefundes und einer stark positiven Gonoreaktion 
in das Krankengut aufgenommen worden. Beim grossten Teil 
der Falle des so zusammengebrachten Materiales hat es sich offen- 
bar um eine gonorrhoische Gelenkentzundung gehandelt. Wegen 
der Unspezifitat der Gonoreaktion oder infolge des Zusammen- 
treffens einer Gonorrhoe und einer, auf irgendeiner andern Atio- 
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logic beruhenden Gelenkentziindung kornien jedocli auch einige 
Falle dabei sein, die in Wirklichkeit nicht von einer Gonorrlioe 
herrulirten'. 

In mein Krankengut gehen insgesanit 96 Falle Oder 70 % 
Frauen und 40 Falle oder 30 % Manner ein. Die gro'sse Anzalii der 
Frauen berulit in erster Linie darauf, dass das Patientenmaterial 
des Kivela-Krankenhauses auch im allgemeinen xiberwiegend aus 
Frauen besteht. In den Jahren 1936—42 haben die Frauen 61 % 
und die Manner 39 % der Gesanrtanzahl der beliandelten Kranken 
ausgemacht. Aus dem mir zur Verfiigung st'ehenden Krankengut 
glaube ich schliessen zu durfen, dass die gonorrhoische Arthritis 


Tabelle 1. 


Alter 

Anzahl der Patienten 

—20 J. 

16 

21—30 J. . , 

62 

31—40 J. 

40 

.41—50 J. 

14 

51— ■ 

4 


bei Frauen niclit seltener als bei Manner auftritt. Mondor, Kowar- 
schik und Laitinen sind zu ahnlichen Ergebnissen gekommen. Die 
fruhere Auffassung, dass die Krankheit bei Frauen seltener als bei 
Mannern ist, ruhrt "wohl davon, her, dass die Gonorrhoe vor Ein- 
fiibrung der GR bei Frauen relativ ofter als bei Mannern undiag- 
nostiziert geblieben ist. 

Wie aus Tab. I erhellt, ist der grosste Teil der Patienten unter 
40 Jahre alt gewesen: 


Die Haufigkeit der gonorrhoischen Gelenkeniziindangen. 

’wegen akuter Gelenkentziindungen in den Jahren 
—42 im Kivela-Krankenhaus behandelten Patienten belauft 
SIC 1 auf 448, was ca 2 % der GesamtanZahl der in der besagten Zeit 
eliandelten Patienten ausmacht. Die Zahl der wegen chronischer 

derselben Zeit behandelten Kranken ist 
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In 130 Fallen des Krankengutes ist die Gelenkentziindung akut 
gewesen, so dass ca 30 % der Patienten des Krankenhauses, die 
eine akute Gelenkentziindung gekabt haben, in das Krankengut 
eingeben. Zu beacbten ist ferner, dass einige undiagnostiziert 
gebliebene gonorrboiscbe Gelenkentziindungsfalle dieser Unter- 
sucbung entgangen sein kdnnen. Es ist offenbar, dass ein erbeb- 
licber Teil der suspekten Gonoreaktionen (GR 1 — 3) aucb bei den 
Kranken, bei denen keine Gonokokken gefunden oder gesucht 
wurden, in Wirklicbkeit durch eine Gonorrboe verursacbt -war. 
10 solcber Patienten mit GR 3 sind wabrend der Jabre 1936 — 42 
im Krankenhause gelegen. Die Zahl der in das Krankengut auf- 
genommenen, ebenso wie der inr Krankenbaus als gonorrboiscbe 
Artbritis diagnostizierten Falle "war in den Jabren 1937 — ^39, wo 
die GR bei 4/5 aller an akuter Gelenkentziindung leidenden Kran- 
ken angestellt wurde, bedeutend grosser als i.J. 1936 und in den 
Jabren 1940 — 1942, wo die GR nur bei der Halite der diesbeziig- 
licben Kranken ausgefiibrt wurde. Aus den ersterwahnten Jabren 
gelangten ca den letzterwabnten ca % der Patienten mit 

akuter Gelenkentziindung in das Krankengut. Die Zabl der bier 
aufgenom.ni,enen Falle lung demnach davon ab, wie sorgfaltig die 
Patienten untersucbt worden sind. 

Aus dem oben Ausgefiibrten gebt hervor, dass ein Drittel bis 
ein Viertel der im Krankenhaus behandelten akuien Gelenkentziin- 
dungen durch Gonorrhoe bedingt war. 

Auf Grund der von den Arzten gemachten AnZeigen gab es in 
Finnland i.J. 1938 8450 friscbe Gonorrboefalle, biervon 3286 in 
Helsinki (Olin). Die wirkliche Zabl der Falle ist jedocb offenbar 
bedeutend grosser gewesen. Weil die Gonorrboe, ebenso wie die 
Lues, in der Hauptstadt viel baufiger als anderswo im. Lande sind, 
muss man in Helsinki aucb mebr gonorrboiscbe Gelenkentziindun- 
gen als in der Provinz erwarten. 

In Danemark haben Bang und Krag die Haufigkeit der positiven 
Gonoreaktion bei Gesunden und Kranken untersucbt. Unter 534 »gesun- 
den)) Kopenbagener Blutspendern fanden sie in 2.7 %, unter 1895 inneren 
Patienten in 6.7 % eine positive GR. Von 54 Patienten mit akuter Ge- 
lenkentzundung batten 13 eine positive GR. Man muss hierbei jedoch be- 
rucksicbtigen, dass die Halfte der Falle aus soicben bestand, bei denen 
die Gradstarke der Reaktion 1 — 3 betrug, die Spezifitat der Reaktion also 
suspekt war. 
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fiber die auf die Enisiehmg dcr gonbrriioischcn Gelenkeniziindmgen 

eimvirkenden Fakioren. 

28 von den 136 Kranken des Krankengntes habcn s^ciion friiher 
Gelenkentziindungen geliabt. In 23 Fallen ist die friibere Artbritis 
durcli eine Gonorrlioe bedingt gewescn oder ist -wcnigstens die 
Moglichkeit einer solclicn vorgelcgen. In 5 Fallen bat die friilvere 
Gelenkentziindung scbon in\ Kindesalter bcstanden, ist also walir- 
scheinlich rheumatiscber Natur gewcsen, so dass' man bci dicscn 
Patienten eine Neigung zu vcTschiedenartigen Gelenkkrankbciten 
annelimen muss. 

Ein Trauma ist der Gelenkentziindung in kcinem Fall unmittcl- 
bar vorausgcgangen. In 2 Fallen hat sich die Eniziindung indcsscn 
vorzugsweise in ^olchen Gelenkcn lokalisiert, die scbon Jabrc vor- 
lier von einem Trauma betroffcn oder durcb Kranlclrcit geschadigt 
waren. 

Aus der Untersucliung geht bervor, dass dcr Bcginn dcr Krank- 
lieit ungelahr gleicli oft auf die verscbiedcnen Monatc cntfallen 
ist. Dies stimmt gut mit dcr FeStstellung iiberein, dass' die Gonor- 
rhoe in Helsinki ungefabr glcicbmassig iibeT das ganzc Jabr ver- 
teilt ist. 

In 18 Fallen liat der Patient cinige Tage oder Wocben (3 — 30 
Tage) vor Bcginn dcr Gelenkcrkrankung Halsscbmerzen gebabt. 
Obgleicb es sicb in einigcn Fallen um cine Gonorrboc und cine 
gleichzeitige rheumatisclie Gelenkentzundung mit einer ihr vor- 
ausgehenden Angina bandeln konnte, muss man in den meisten 
Fallen die Diagnose gonorrboisebe Artbritis auf Grund der Anam- 
nese, des »klassiscben» klim'scben Bildes, des Gonokokkenbefundes 
und der stark positiven GR docb fiir erwiesen iialten. Es sclicint 
also, dass eine unspezifischc Infekiion ziir Entstchung von Gclenkent- 
zUndungen bei Gonorrhoe-Paticnlcn beilragen kann. 


Das klinischc Bild. 

Die Gelenkentzundung ist in 130 Fallen akut und in 6 Fallen 
chroniscb oder subclironisch verlaufen. 

Im allgemeinen gebdrte Fieber zum kliniseben Bible. Bei 
einem Viertel der Kranken ist jedoch die Temperatur im Kran- 
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kenhaus niclit iiber 37.2° (axil.) gesliegcn; aber die meisten von 
ihnen batten vor ibrer Aufnabme ins Krankenbaus Fieber gehabt, 
Der Wert der Senkungsrcaktion war in alien akuten Fallen erboht, 
in den meisten stark erJidbt. 

Die Gonoreaktion wrde in 127 Fallen ausgefubrt. Stark 
positiv (> 3) war sic in 112, ))suspckt)> (1 — 3) in 7 und negativ in 8 
Fallen. Wie friibcr bcreits crvvabnt worden ist, war der positive 
Ausfall der Gonokokkcnuntcrsucbung die Voraussetzung fiir die 
Aufnabme soldier Fade ins Krankengut, liei denen die GR suspekt 
Oder sogar negativ war. Obgleicb die GR in den meisten derartigen 
Fallen in einem zu friibcn Stadium dcr GclcnWvrankbeit ange- 
stcllt war, ist sie in 3 Fallen nocb iiber 2 Wocben nacb dem Be- 
ginn der Gelenkentziindung negativ gewesen. Man konntc natiir- 
licb vermuten, dass es sidi in solcbcn Gclenkcntzundungsfallen, 
wo die GR negativ blcibt, trotzdem bci dem Krankcn cine Gonor- 
rboe fcstgestellt ist, um das Zusammenlreffen ciner Gonmrboe 
mit ciner Gclenkcntzundung aus andercr Atiologie gebandelt 
batte. Von den 150 Fallen Walters waren 4 diescr Art. Dafur, dass 
die Gelenkentziindung aucb in soicben Fallen gonorrboiscb sein 
kann, spriebt cin Fall, bci dem die GR wiibrend dcr ganzen Krank- 
bcit niebt starker als 3 vairdc, obwobl in dcr Gclcnldlussigkeit 
Gonokokken nacbgewicscn wurden. 

Aus Tab. 2 ersiebt man den Stiirkegrad der GR in den Fallen' 
des Krankengutes, wo die Rcaktion angcstcllt wurdc; 


Tabelle 2. 


Stiirkegrad der GR 

0 

1 

2 

3 

D 

5 

c 

H 

8 

9 

10 

11 

12 

13 

—13 

Anzahl der Patienten 

8 

2 

1 

1 

14 

10 

21 

19 

14 

8 

6 

9 

i 

■ 

127 


Was die Gdenksijmpiomc anbclangt, so ist bci dcr Untersuebung 
oin Untersebied zwiseben den subjektiven (Sebmerzen und Enip- 
findlicbkeit) und den objektiven Gelenksymptomen (Gelcnkschwcl- 
lungen) gemaebt worden. Bci 60 % 6er Patienten bestanden, als 
sie ins Krankenbaus kamen, objektive Gelcnksymptome an einem 
Gelenk oder iiberbaupt keinc objektivc Gelcnksymptome, bei 20 % 
an zwei und bei 20 % an 3 oder mebr Gelenken. Ausserdem sind 
bei maneben Patienten vor dcr Aufnabme ins Krankenbaus oder 
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spiiter im Krankcnliaus objektive Symptome an Gclenken auf- 
gctreten, die bei clcr Aiikunft der Palicnten inS Krankcnliaus 
symptomfrci waren. Bci insgesammt 30 % dcr Krankcn sind 
wahrend der Krankbeit olijcklive imd bci liber 50 % subjcktivc 
Symplomc an 3 odcr melir Gdcnkcn vorgckoinmcn. Icli moclitc 
besondcrs den Umstand untcrstrcicben, dass die ErgebnisSe dcr 
Gonokoldcenuntcrsucliung bci dcr polyarLikularen Kranklieils- 
Xorm rclativ ebenso oft positiv gewesen sind Avie bci dcr mono- 
und der biartikuUircn. 

Die Gelcnkcntziindung ist incistcns in den Knien, den Fuss- 
oder den Handgclcnkcn lokalisicrL. Sclir gcwoliiilicli ist die Gclcnk- 
enlzundung aucli in cincm Scbultcr-, Ellbogcn-, Finger- odcr 
Zclicngclcnk gewesen. Niir in cinzelncn Fiillc sind Symptonic 
scitens dcr Stcrnoldavikular-, Hiift-, Sakroiliakal- odcr dcr Wir- 
bclgclcnke vorgclcgcn. 

Die aligeincinc Auffassung war und ist, dass bci den gonor- 
rhoisclien Gclcnkcntzundungcn iin Anfang der Krankbeit kurz- 
dauerndc, von cincr Slcllc zur andern wandernde Scbnicrzen und 
Empfindlicbkeiten in incbrereu Gdcnkcn bcslcben, (iass sicb 
aber die Entziindung iin spatcren Stadium der Krankbeit nur 
in einemoder wenigen Gclcnkcn lokalisierl. Vide Forseber friiomas, 
Wdirbdn, Kingrecn, Kowarsebik, Keefer Sc Wesley und Wanderer) 
baben jedocb die Haufigkeit der polyarlikularen Krankhcils- 
formcn betont. Aus den Publikationen gdit indessen nicbl ber- 
vor, wic gross die Zabl dcr Paticnlcu war, bd deiicii objeklivc 
Symplomc an mebreren Gdcnkcn feslgeslebt wurden. 

Aus der von mir ausgcfulirtcn Unlersucbling crliellt, dass 
auclx soicbe polyartikuUirc Krankbcilsfornicn, bei denen objek- 
tivc Symplomc an 3 odcr incbr Gdcnkcn fcslgcslcllt werden, ver- 
baltnismassig biiufig sind. Es ist sebr verslandlicb, dass die poly- 
artikularen ICrankbeilsformen in den cliirurgiscbcn Krankciibau- 
sern sdtener als in den Krankenbausern fiir innere Krankbcitcn 
anzutreffen sind. Im allgcmcincn blcibcn sic aucb leicbler als die 
monoartikularcrt Formcn iindiagnostiziert, wcil cs obnc Spezial- 
untcrsucliung unmdglicb i.st, sic von den rbciimaliscben Gdcnk- 
entzundungen zu imtcrscbciden. 

Symptomc ciner Tendovaginilis, Bursiiis odcr Penosliiis wie- 
sen 17 Patienten neben den Gdcnksjmxpiomcn auf. In cini<^en 
Fallen wurdc das Krankbeitsliild von dcrarligcn peri- oder cxlm- 
37 Acta med, scandinav. Vol. CXVII. 
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artikularen Symptomen beherrscht, von denen die Fersensclimer- 
zen am, gewdbnlicbsten sind. 

Ischiassympiome (ausstralilende Sclimerzen in den unteren 
Extremitaten, Druckempfindlichkeit im Bereich des N. ischia- 
dicus, positiver Lasegue) werden bei 5 Kranken entweder gleich- 
zeitig mit Gelenksymptomen Oder nach denselben angetroffen. 
Vom Standpunkt der Praxis ist es wichtig zu v’issen, dass die 
diiTch Gonorrhoe bedinglen Nemalgien md Neiiriiidcn keine grossen 
Seltenheiten sind. 

Herzkomplikaiionen werden bei den Patienten des Materials sehr 
selten angetrofdfen. 

Die 3 Patienten, bei denen ein Klappenfehler feslgeslellt "wurde, batten 
schon friiher eine Gelenkentziindung gebabt, in zwei Fallen bereits als 
Kind. Wenigstens in den letzlerwahnten Fallen ist der IClappenfehler 
wabrscbeinlicb rheumatischen Urspnings. Bei elektrokardjographiscben 
Untersuchungen, die leider nur bei einem Teil der Kranken ausgefiihrt 
worden sind, findet man auf eine Myokardschadigung himveisende Ver- 
anderungen selten. In einigen Fallen ist jedocb die T-Zacke in der I. oder 
II. Ableitung wahrend der Krankbeit niedrig oder isoeleklrisch. Bei einem 
Patienten wurde ein elektrokardiographischer Befund angetroffen, der 
an Vorderwandinfarkt erinnert. Atriovenlrikulare Leitungsstorungen, 
die bei rheumatischen Myokardentziindungen sehr gewohnlich sind, liegen 
nur in einem Fall vor. Auch dieser Kranke hatte 3 Wochen vor seiner 
Gelenkerkrankung eine Angina gebabt, und war danach dauernd rntide 
und fiebernd gewesen. 

Bei den rheumatischen Gelenldcrankheiten gehoren die Herz- 
komplikationen direkt zum Krankheitsbild. Von den Patienten 
des Krankengutes hatten, wie erwahnt, 28 schon friiher Gelenk- 
entziindungen gehabt. Sofcrn es sich hierbei im allgemeinen uni 
eine rheumatische Gelenkentzundung gchandclt hatte, ware zu 
erwarten gewesen, dass die Patienten mehr Klappenfehler und 
Herzmuskelerkrankungen gehabt hatten, als es der Fall war. Ob- 
gleich die im, Krankenhaus ausgefiihrten Herzuntersuchungen teil- 
weise nicht nach unseren Gesichtspunkten durchgefiihrt worden 
sind, ist es offenbar, dass die Endo-und Myokarditiden auch bei 
■ gonorrhoischen polyartikularen Gelenkcntziindungen viel selte- 
ner, leichter sind und weniger zu Folgeerscheinungen neigen als 
bei den rheum,atischen Gelenkentziindungen. 

Bei einem Patienten entwickelte sich wahrend der gonor- 
rhoischen Arthritis ein typisches Lungenasthma: 
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35-jahrige Arbeilerehefrau (Nr 481/41), Im Januar 1941 setzlen bei 
der Patientin Kreuz-, Knie- und Knocbelsclimerzen ein. Binige Tage 
spater griffen die Schmerzen auch aiif die Hand- und Scliultergelenke 
iiber, die ansclnvollen. Ins Krankenhaus kam die Palientin 1 >4 Wochen 
nach Beginn der Gelenksymptome. Dort Avurde folgendes festgeslellt: 
Gc + in der Harnrohre, SR 9G mm, GR S, Hgb 52 (Sahli), E 3.4 Mil], 

1 0.76, L. 9300, davon 4 % Eosinophilc. Nach drehvochigem Krankenliaus- 
aufenthalt bekam die Kranke Huslen und nachlliche Alemnol, woraus 
sich allmahlicli ein typisches Lungenasthma enlwckelle. Friiher hatle 
die Patientin niemals seiche Symptome gehabi. Bei der Enllassung aus 
dem Spitale, wo sie sich 1 % Hon. aufgehaltcn hatte, ^^'a^en d'e Gelenke 
annahemd symptomfrei und d’e Patientin frei von asthmatisclien Be- 
schwerden. Von den Lcukozyten waren damaJs 16 % Eosinophile. .^Ms 
Behandlung war u.a. Sulfapyridin angcAvandt worden. Nach der Ent- 
lassung liatte die Patientin noch 2 Mon. lang Asthmasymptome, ist aber 

2 Jahre lang symptomfrei geAvesen. 


Der Vcrlauf der GclenkkrankhcH isl niir in 6 Fallen chroni.scli 
Oder subchroniscli. Hierbei sind alle Paticntcn einbegriffcn, die 
iiber 6 Mon. Symptome eincr aktivcn Gelcnkcntzundung darbo- 
ten. In den meisten derartigcn Fallen ist cs scbAvcr zu sagen, ob 
die Gonorrhoe, an der der Patient litt, cinen Anteil an der Ent- 
stelmng der Gelenkentzundung battc odcr nicbl. Dafiir, dass die 
Gonorrhoe clironisclic Artbritidcn vcrursackcn odcr Avenigstens 
zu solchen pradisponieren kann, spricht u.a. die Festslcllung von 
Bang und Krag, dass GR, ausser bei den akuten, aucb bei den 
chronischen Gelenkerkrankungen dfter positiv ist als bei den 
Kranken im. allgemcincn. 


Behandlung und Bchandliingsergebnissc. 

in, 

ba tier Behandlunff der clurd ri , 

entzundungen gcbraucht worden Die BelnndUr"”^^? 
serten sich unter r; • i ^^^‘^ncllungscrgcbnisse bes- 

Sulfonamidpraparalcn bchard'elt^ “’''''i'’''’'- In don mit 

tleiten Patienten konnlo das Kr-i ‘'nn “ Mian- 

Monat rckonvaleszcnt vorltsen cinem 

W Sn.o„an,id„e ^ 
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handlungszeit im allgemeinen 1 — 3 Monate, und nur ein Viertel 
der diesbezuglichen Kranken verliess das Krankenhaus nach einem 
Monat. Anfangs warden von d,en neuen Arzneien zu niedrige 
Dosen und auch diese zu selten verabreicht. In dem. Masse, als 
die Dosen vergrdssert und die Dosierung auf den ganzen Tag 
ausgedehnt warden und nxan vom SulJanilanxid und IJliron zum 
Sulfapyridin und Sulfatbiazol iiberging, wurden die Behandlungs- 
resultate ininier besser. Ausser auf die Bebandlungsdauer uben die 
Sulfonamidpraparate, nack allena zu schliessen, aucb auf das kli- 
nische Krankbeitsbild cine gute Wirkung aus. Die schweren 
Symptonae sind oft rascb versckwunden. In vielen Fallen, wo die 
Behandlung in eineni friihen Stadium begonnen warden ist, bat 
sich das Krankbeitsbild, wabrscbeinlicb infolge der Bebandlung, 
nicht scbwer gestaltet. 

Todesfalle sind 5 in iinserem Krankengut vorgekommen. Drei der 
Patienten starben an einer Sepsis, nachdem sie mehrere Wochen gefiebert 
batten. Es sei erwabnt, dass GR in alien diesen Fallen stark positiv {11 — 13) 
war. Sulfonamidpraparate waren in zwei Fallen gar nicbt und in einem 
Falle nur in ungeniigender Menge angewandt worden. Ein iiber 60 Jahre 
alter Patient, bei dem GR 13 vorlag, starb unerwartet in der Rekonva- 
leszenz an eine Lungenembolie. Der fiinfte Patient, bei dem die Krank- 
beit todlich ausging, war ein junger Mann, der an schwerer chronisch 
deformierender Polyarthritis litt. Der Gonokokkenbefund war im Kran- 
kenbaus positiv und die GR 10. Wahrend der Krankbeit wurden alle Ge- 
lenke deformiert,nnd der Allgemeinznstand verscblecbterte sicb dauernd. 
Der Patient starb 2 ^2 Jahre nach Beginn der Krankbeit. 

t)ber die endgiiltigen Bebandlungsresultate lasst sicb in Er- 
manglung von Nacbuntersucbungen nicbts Sicberes aussagen, 
ebensowenig dartiber, Welcbe Wirkung die Einfiihrung der Sul- 
fonamidpraparate in dieser Hinsicbt gehabt bat. Bei der Ent- 
lassung der Patienten aus dem Krankenbaus waren die Gelenke 
jedoch in den meisten Fallen objektiv symptomfrei. Nur 4 Pati- 
enten mit schwerer monoartikularer Gelenkentziindung mussten 
in ein chirurgiscbes Krankenhaus verlegt werden. 
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Zusammenfassung . 

Bei einer Gesamtanzahl von 448 in interne Beliandlung ge- 
nommenen akuten Gelenkentzundungen wurden 130 (%■— /4 aller 
im Krankenliaus iiberliaupt beliandeiten Falle), bei dencn eine 
Gonorrboe oder auf Grund einer stark positiven Gonorcalction ein 
Gonorrboeverdacbt bestand, untersucbt. 

Dass in mancben Fallen aucb cine unspczifiscbe Infektion zur 
Entstebung der gonorrboiscben Gelenkentzundungen beigctragen 
haben nroclite, nxusste angcnommcn -wcrden. 

20 % der Patienten boten bei der Aufnabrne ins Kranken- 
haus objektive und iiber 50 % subjcktive Syniptomc an drci oder 
melir Gelenkcn dar. Tendovaginitidcn, Bursitidcn oder Pcriosti- 
tiden vurdcn wabrcnd der Krankhcit bei 17 und Iscbiassymptome 
bei 5 Patienten angetroffen. 

Die Diagnose bei Gelenkentzundungen, insbesonders bei poly- 
artikularen Krankbeitsformen, ist oft sclnvierig. Die riebtige 
Diagnose ist besonders wiebLig, da die Erfolgc der neueslen Cbcmo- 
therapie (Sulfonamide) cine aussiebtsreiebe, kausale Tlicrapie 
ermdglicben cincrscits, wabrend andererseits die Prognose der 
gonorrboiscben Arthritis im Gegensatz zur rbeumatiseben v'cscnt- 
licb giinstiger gestcllt wcrden kann, da die Hcrzkomplikationen bei 
der gonorrboiscben Arthritis unverglcicblicb scltcncr einzutreten 
pflegcn, und, wenn sie eintreten, docb nur ausnabmsweise zu 
Spalfolgen neigen. 

Es ersebeint "wiebtig die Gonoreaktion bei alien Fallen akuter 
Gelenkentziindung auszufubren. 
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De rinstitut clinico-medical A de I’Hopital Filantropia (1-^re Clinique 
medicale de TUniversite de Bucaresl) Directeur: Prof. D. Danielopolu. 


Recherches sur le mecanisme de I’immunite, de 
Fanaphylaxie et des maladies specifiques (maladie 
du serum, maladies infectieuses). 

Phylaxie, paraphylaxie e{ choc paraphylacliquc aceiylcholinique. 

Premier Memoire. 

Critique des hypotheses anterieures, conception personnelle. 

Par 

D. DANIELOPOLU. 

Professcur de la cliniquc medicale h I’Univcr.site de Bucarcst. 

(Ce travail est parvenu A la rddoction le 3 Fevrier 1944.) 


Lorsque P. Portier et Ch. Richet ont decrit en 1902 1’anaphylaxic, 
ces auteurs ont explique ce phenomene de la maniere suivante. 

L’antigene provoque la formation dans I’organisme de toxo- 
genine qui, lors de I’injection dechainante d’antigene, se combine a 
ce dernier formant ensemble un poison, Vapoloxine, qui provoque 
le choc anaphylactique. 

Toxogenie + antigem apoioxine. 

Ch. Richet admet la production dans Torganisme traite par une 
toxine de deux substances, une substance immunisante, Vanliioxinc 
et une substance sensibilisante, la ioxogenine. 

Quant au mecanisme intime du choc anaphylactique' I’auteur 
affirme qu’il ne s’agit pas d’un )>conflU de la substance injectee avec 
le protoplasme vivant . . . mats tout simplemeni de Vepuisement de 
la substance ioxogeniquei>. 

Le choc anaphylactique serait mne intoxication aigue du sys- 
teme nerveux». 
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Se demandant Kommenl Vanaphylaxic sc concilic avcc la loi de 
dcjense de Vorganismc^> Ch. Richet enonce I’hypothtee suivantc. 

La defense de I’organisme comporle, non seulemcnt, ia defense 
de rindividu, mais aussi la defense de I’especc. II faut que 1 etre 
reste stable. »Ccsl pour k mamiicn de cciic siabiliie, qu’il reagii 
mcc ioulc Vencrgic aux allcinies chimiqucs qiii peuvent Vaffeckn). 

Scion M. Arthus, M. Nicolle et bcaucoup d'autres auteurs 
I’anapbylaxie et I’immunite sont deux etats tout a fait dislincls ct 
opposes. II Nicolle decrit deux categories d’anticorps; les anti- 
corps coagulants qui produisent Timmunile et Ics anticorps lytiques 
qui produisent i’anaphylaxie. 

Le choc anaphylactiquc est cxpliqiic par la production d’un 
poison, I’anaphylatoxine (Fricdbergcr) qui est liberce par ralexine 
^ partir de I’antigcne scnsibilisc par I’anticorps sensibilisant. Bordet 
admet aussi la production d’unc sensibilisation de Torganisme et 
explique le- choc anaphylactiquc par la production d’anaphylatoxinc 
qui serail tiree (par un phcnoinenc d’adsorption) de Talcxine 
par Ic complexc antigcnc-anti corps. II affirmc qu’une simple sus- 
pension de gelosc injcctec. dans la vcinc est capable (par un pheno- 
mene d’adsorption) de libercr h partir de Talcxine le poison appeld 
anaphylatoxine ct do provoquer ainsi le choc anaphylactiquc. 

Von Pirquet explique la inaladic du sdrum par la production 
d’anaphylatoxine liberec a partir de I’antigmie scnsibilisc par 
I’anticorps. Get auteur ct ensuile Fricdbergcr ont explique Icsphcno- 
mencs cliniques des infections par un inccanisinc scinblable: tons 
CCS phenomenes sont Peffet dc r.anaphylatoxine tiree de I’anti- 
gene (bacterie) scnsibilisc par I’anticorps. La maladic du serum ct 
les infections sont par consequent d’apres cos auteurs des pheno- 
menes de choc anaphylactiquc pur. 

D’autres hypotheses ont etc encore formulecs pour expliquer le 
mecanisme de i’anaphylaxic. Mais consultant les traites de specia- 
hte nous constatons que I’opinion courantc, devenue classique, est 
la suivante. 

1° Tout antigene provoque dans Torganisme deux etats tout d 
ait djstincts, Pun d’anaphylaxic et Pautre d’immunite. 

2° Les phenomenes anaphylactiqucs sont opposes aux pheno- 
menes d’immunite. 

3° L’organisme anaphylactise est hypersensiblc vis-h-vis ePun 
an igene, dans le sens que cct antigene provoque, chez Panimal 
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prepare par le mdme antigene, des pli^nomenes toxiques plus 
intenses que ceux qu’il provoque chez I’animal neuf. 

4° L’antigene provoque la formation de deux categories d’anti- 
corps, les uns immunisants, les autres anaphylactisants. 

5° Le choc anaphylactique est du a la production d’une anaphy- 
latoxine. 

6° Tons les phenomenes qui prennent naissance, pendant le 
choc anaphylactique, sont dus a la production d’histamine. 

Tout esi errone dans cdic conception. Nous avons vecu quarante 
ans sur une grande erreur qui a conduit les auteurs a des conclusions 
tout a fait illogiques et qui ont empeche tout progres serieux dans 
I’etude du probleme. 

A. Critique des hypotheses antferieures. 

1° On ne pent pas admettre que Torganisme devienne plus sen- 
sible vis-a-vis de I’antigene, pendant qu’il se defend centre cet 
antigene. Etudiant les reactions des tissus centre les diff6rentes 
substances, antig^niques ou non antigeniques, introduces dans 
I’organisme, nous sommes arrives a la conviction qu’il ne se 
produit jamais que des reactions de defense et qu’on ne peut pas 
admettre I’existence d’une sensibilisation. 

Richet croit que I’organisme est en mdme temps immunise et 
sensibilis6, car I’auteur definit I’anaphylaxie ))la curieuse propriete 
que possedent certains poisons d’augmenter, au lieu de diminuer, 
la sensibilite de I’organisme a leur action)). 

Bordet ne croit pas que I’anaphylaxie est le contraire de I’immu- 
nite. II admet pourtant I’existence dee I’anaphylaxie ainsi que la 
production d’un poison, I’anaphylatoxine. Mais tons les auteurs 
croient h un etat d’hypersensibilite, etat oppose a I’immunite, co- 
existence qui a notre avis est inadmissible. 

Nous verrons d’aillcurs plus loin qu’aucune des experiences 
anterieures ne prouve I’existence de Fanaphylaxie, telle qu’on 
I’a con^ue jusqu’a present et nos recherches sur I’action des sub- 
stances etrangeres introduites dans I’organisme nous permettent 
d’affirmer que ce dernier ne reagit que par des phenomenes d’im- 
munite, 

2° Selon la conception classique I’antigene provoque un etat 
d’immunite specifique et un etat d’anaphylaxie specifique. Si 
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cette conception etait vraie, ct se I’anaphylaxic etait spccifique, il 
faudrait que la symptomatologic du choc anaphylactique soit dif- 
ferente suivant I’antigene qui est cn cause. Or, elle est idcntique 
ou du moins comprend des sympLomcs identiques. Comment 
pouvons-nous conccvoir qu’un choc anaphylactique specifique 
soit symptomatiquement idcntique avcc une albumine etrangere, 
ou avec des hematics ou avcc des bactdries? 

Nous avons prouvc, d’un autre cote, que I’dtat d’anaphylaxie 
que provoque un antigcnc injects a un animal est un etat vege- 
talif anormal, car Ic tonus ainsi que la reactivite des organes 5 dif- 
ferents facleurs vegetatifs sont modifies (vis-a-vis de I’etat nor- 
mal). Si I’anaphylaxie dtait un etat specifique, dh a des anticorps 
specifiques, chaque antigene devrait provoquer un etat anaphylac- 
tique specifique, different scion I’antigene qui a etd introduit dans 
I’organisme, Or, I’dtat anormal provoque par tous les antigenes 
aussi differents qu’ils soient les uns des autres, est idcntique. Nous 
verrons qu’en realitd, il n’y a que Timmunild qui est s,pdcifique ct 
que ce qu’on appcllc anaphylaxic (ct quo nous appclons para- 
phylaxie) est un etat non specifique produit a cote de Fimmunite 
qui — cllc — est spdcifiquc. 

3° Si la maladic du serum et les infections etaient dues 5 I’ana- 
phylatoxinc (Fricdbergcr — Pirquet) leiir symptomatologic devrait 
etre idcntique. Les manifestations cutances par exemple dans 
la maladie du serum, la rougcolc, la scarlatjne devraient etre iden- 
tiques. Or, toutes ccs maladies pr<^scntent Icurs caractercs part. 

4° Si I’anaphylaxic ct rimmunilc etaient des etats distincts et 
opposes il faudrait que les facteurs qui empechent un etat fa ori- 
sent Taulre. Or, tous les facteurs qui favorisent I’immunite favo- 
risent aussi I’anaphylaxic et le choc anaphylactique ct tous les 
facteurs qui empechent Timmunitc empechent aussi I’anaphylaxie 
et le choc anaphylactique. 

5 Le choc dii anaphylactique n’esi pas nn choc histaminique. 
Il y a des differences capitales entre le choc paraphylactiquc 
ac^tylcholiniquc et Ic choc histaminique. Le premier est empeche 
par une injection de glucose, par le Jcunc et par une premiere injec- 
tion d’une petite dose du meme antigcnc, le second n’est empfiche 
m par I’atropme, ni par le glucose ni par le jehne. Et une petite 

dose d’histamine ne premunit pas centre une dose mortclle de la 
meme substance. 
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6° Pour prouver la production de I’anaphylatoxine on a fait 
I’experience appelee anaphylaxie in vitro. On melange in vitro, 
I’antigene, I’anticorps et I’alexine et on introduit le melange dans 
la veine du cobaye ncuf, qui fait un choc anaphylactique typique. 
On affirme alors que I’anaphylatoxine s’est produite in vitro. Mais 
personne n’a isole cette anapliylatoxine, n’a demontre sa nature, 
ni son existence dans le melange in vitro. Personne ne peut nier 
que la substance qui en demicre analyse produit le choc n’est 
liberee dans I’organisme meme. Et tout fait supposer que e’est 
dans Torganisme que cette substance se produit, car, n’importe 
quel serait I’antigene et son anticorps specifique employes, qu’il 
soit du serum de cheval avec du serum de lapin anti-cheval, ou des 
hematics de mouton avec du serum hemolytique de lapin anti- 
mouton, le choc est symptomatologiquement identique. Nous 
verrons que cette substance n’est pas un poison nocif, I’anaphyla- 
toxine, mais une substance physiologique qui, liberee en grande 
quantite, devient nocive et peut meme provoquer la mort: I’ace- 
iylcholinc. 

7° L’on pretend que le phenomene anti-anaphylactique est du 
k la consommation des anticorps par la premiere injection faite la 
veiile avec une petite dose d’antigene. Mais nous I’obtenons encore 
dans les conditions suiyantes. Nous injections chez le cobaye neuf 
une petite quantite d’un melange antigene-anticorps-alexine, in- 
capable de produire un choc evident, et le lendemain une dose qui 
chez le temoin, produit le choc; le choc ne se produit plus. 

II ne peut pas etre question dans cette experience d’epuise- 
ment en anticorps, car les anticorps sont injectes par nous en 
meme temps que I’antigene. Nous avons demontre que le 
phenomene dit anti-anaphylactique est dh a une decholinisation 
iissulaire, e’est a dire a une consommation en cette presub- 
stance dont provient I’acetylcholine et que nous avons appelee 
precholine. 

8° En etu diant la symptomatologie du choc anaphylactique 
nous constatons que tous les phenomenes ressemblent a Taction de 
Tacetylcholine, qui est une substance physiologique. Pourquoi 
imaginer alors la production d’un poison nouveau, Tanaphyl- 
atoxine, et ne pas supposer qu’il s’agit d’une forte liberation d’acetyl- 
choline, hypothese qui explique Tidentite du choc n’importe quel 
serait Tantigene employe. 
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9° Si Jc choc anaphylacliquc c.si dll h la production d'unc ana- 

pliyJatoxinc specifique comnicnl sc fait-ii quc dansrastinnc ana- 

phylactiquc, le syndrome c.st identique n’imporlc quel serail. I’anti- 

gene qui Je produil: poudre d’ipccca, c^manalion de cheval on de 

mouton, albumines elrangercs? Et coninicn! pcul-on ]H'ii.scr a 

une anapliylatoxinc specifique alor.s quo la syinploinnfologie de 

I’acces d’asllimc anapliylacUquc cst idenlique a cello do IViccos 

d’asthmc produit par un reflexo, qui .sc conduil prlnclpalomonf 

par la voie parasympatliique. Pcul-on s’imaginor quo Tinflux 

parasympatliique puisse liberer ranaphylatoxinc? 

• 10“ Nous injeclons un melange anligenc ~ anticorps dnn.s la 

^cinc c animal iicuf. Ce indlange csl immimisan! o( no doit 

provoquer aucun phenomeno palhologiquo chez I’aninml muf 

Comment pcul-on s'lmagnier qu’un melange immunisanl puisM- 
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“rament u„e fidvrelyX-'r''"”''"'' "“"""no 

•‘‘•■M-nquer pur un choc 
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qui ne peut etre que transitoire. Et d’ailleurs, nous savons que 
pendant la periode d’etat de I’infection les phenomenes ana- 
phylactiques ne se produisent pas: il s’etablit ce qu’on appelle 
allergic. Et d’ailleurs, commc nous I’avons dit plus liaut, si ces 
maladies ne seraient que des phenomenes anaphylactiques, et 
comme le choc anaphylactique pur est toujours identique, il faud- 
rait que la symptomatologic de la maladie du serum ou d’un teta- 
nos ou d’une scarlatinc soit identique. 


B. Conception personnelle sur le mdcanisme de I’im- 
munile, de I’anaphylaxie et des maladies sp§ciiiques 
produites par les antigenes (maladie du s§rum, 
infections, etc.). 

Phglaxic, paraphylaxic (maladie non specifique) el maladie 

speeijique. 

Nous avons expose pour la premiere fois cette hypothese en 
1931, a I’occasion de recherches que nous avons fait dans I’asthme 
anaphylactique et non anaphylactique. Nous avons affirme alors 
que le choc anaphylactique est dh a la liberation d’acetylcholine. 
Nous avons complete ensuite notre conception que nous exposons 
plus has 1. 

L’antigene ne provoque dans I’organisme que I’immunite, ou 
phylaxie. Il n’y a pas de sensibilisatjon de Torganisme (anaphyl- 
axie), il ne se produit pas d’anticorpssensibilisants. Tousles anti- 
corps sont immunisants. L’antigene a deux actions; une action 
non specifique qui consiste en la liberation d’acetylcholine (action 
acetylcholinergique) et qui est commune a tons les antigenes et une 
aclion specifique, differente pour chaque antigene et qui provoque 
la 'Dmaladie specifique'D (maladie du serum si I’antigene a ete du 
serum etranger, tetanos si nous avons injecte de la toxine tetani- 
que, infections s’il s’agit d’antigenes vivants). L’action non speci- 
fique s’exerce immediatement (e’est I’action acetylcholinergique) 
alors que i’action specifique ne s’exerce qu’apres une periode 
d’incubation, pendant laquelle Torganisme tend a s’immuniser., 
Et Taction specifique ne se produit que si Timmunite a ete incom- 

^ D. Danielopolu ■ — Pathogenic de Vaslhme- Arch. med. chir. appareil 
respiratoire. Masson 1931; Congrfes de I'Asthme du Mont Dorc, 1932, etc. 
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niMe L’immuniie s’etablit par ia production dcs auticorps, qui 
sll tous immunisanls. L’antigcne iibcrc dc I’acciylcholmc. ei 
provoque la formation dcs anticorps, qui sc formcnt cn ctroi 
Lon avec i’acetylcholinc. Sans Ic concours dc I’acetylcliolmc les 
anlicorps nc pcuvcnt pas sc former. C'est cc que nous avons appe e 
mniicorps cholinm. Nous avons propose cc nom pour demgner la 
relation etroilc qui sc produit dans la cellule cnirc I’anlicorps cl 
la precholine 1 contenue dans tonics Ics cellules sans pourtant sou- 
tenir que la precholinc fait partic dc la molleculc dc Panlicori^s. 

Nous sommes Ires cnclins dc croire que Panticorps est Ic resul- 
tat (I’une combinaison entre I’anligcnc ct dcs ])roduits dc reac- 
tion cellulairc dont les globulincs cl ia prcdiolinc. 

L’anticorps choline possedc unc fundion apccifiquc qui est 
I’anticorps ct qui est capable dc fixer cl rondre inoffonsif J'anli- 


gene et une fondion non spcdjiqiie qui est la prccbolinc. Coniine 
leur nom I’indiquc la premiere fonction est S])ccifiquc jionr cbaqnc 
anlicorps (qui nc pent fixer quo rantigcnc corrcspondanl), niors 
quo la scconde fonction n’est pas spccifique, clant commune a tons 
les anlicorps choline, n’importc quel scrait rantigcnc qui les a 
provoques, L’organisme s'c trouve cn etal d’immunitd ou phijloxic 
due a la fonction anlicorps ct cn clal dc cc quo nous avons appele 
paraphijlaxk produitc par la fonction choline. Cel etal n’csl qu’unc 
hyperconcentration dcs tissus cn precholinc.- La ])araphylnxie 
n’est que ce qu’on appclle anaphylaxie. Scion la conception clas- 
sique tant la pliylaxic que I’anaphylaxic sont speciriques. Toule 
autre est noire conception. 


L’etat dc phylaxic est naturcllcment spccifique car clle nc 
premunit que centre I’antigenc corrcspondanl. IWis Petal dc 
paraphylaxic n est pas spccifique; il cons isle toujours cn unc 
hyperconcentration cn precholinc des tissus, n’importc quel scrait 
I’antigene qui ait provoque Petal dc phylaxic-paraphylaxic. lUh 
la paraphylaxic qui n est pas spdcifique est lide h la phylaxic qui 
elle — - es t spccifique, Aussi Ics phenomcncs paraphylactiqucs 



choline aussi En cttef^os on prd 

de I'antig^ne. ^ Par I’action ac6lylcho]incrgiqu, 
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(appeles Jusqu’a present anaphylactiques) tout en etant toujours 
identiques avec n’importe quel antigene, ne se produisent qu’a 
I’occasion de phenomenes phylactiques qui sont specifiques4 

Ainsi done, selon notre conception cequ’on a appele anaphyl- 
axie n’existe pas. H ne s’agit pas d’un etat distinct de rimmuaite 
et oppose a elle, ni d’un etat specifique. 11 s’agit d’un etat non 
specifique qui se produit a cote d’un etat specifique, qui est I’etat 
de phylaxie. 

C’est pour cette raison que nous avons propose de remplacer 
le nom d’anaphylaxie par celui de paraphylaxie. L’etat de para- 
phylaxie est un etat anormal des tissus. En effet, I’hyperconcen- 
tration des tissus en precholine modifie le tonus et la reactivite 
des organes. Comme cette hyperconcentration en precholine des 
tissus est identique n’importe quel serait 1’ antigene en cause, nous 
designons la paraphylaxie comme »Ia maladie non specifique» 
provoquee par I’antigene. 

Les deux schemas que nous donnons plus has representent, le 
premier la conception classique, le second notre conception per- 
sonnelle. 


Conception classique 


Antigene 


^ anticorps immunisants — 
\ anticorps anaphylactisants 


Phylaxie (specifique) 
Anaphylaxie (specifique) 


Conception personnelle 

Antigene -> anticorps-choline 

; _ I _ 

Phylaxie-paraphylaxie 
(specifique) (non specifique) 

Nous examinerons ce qui se produit lorsque I’anticorps vient 
en contact avec I’antigene. 

Selon la conception admise actuellement il se forme deux com- 
plexes: un complexe phylactique compose d’ antigene, d’anticorps 


* C'cst ce fait qui a trompe tous les auteurs et qui les a conduits k considerer 
Tanaphylaxic comme specifique. Etant toujours produite par I'acetylcholine, 
elle ne peut qu’etre identique, n'importe quel serait I'antigene qui est en cause. 
Et naturellcment on s'est 6tonne de voir un syndrome identique correspondant 
a un plienomene specifique. Notre conception prouve que cette contradiction 
n'est qu'apparente. 
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inimiinisani ct cralexinc qui d6fcnd rorganismc conlre I’anligeuc, 
ci m complcxc anaplnjlactiquc compose d’nnligcnc, d aniicovps 
gnaphylaciiquc cl d’alcxinc qui liberc im poison 1 anaphylaloxinc 
(qui produit le choc anaphylacliquc). Scion cclic conception, I’orga- 
nismCjCn memc temps qu’il cst immun conlrc I’antigcnc, csl hyper- 


sensible vis-a-vis du mcme anligenc. 

Selon noire conceplion il ne sc produil qn’nn sc\il complcxc, 
le complcxc plujlaciiqnc on immunisanl cl a c6le du phcnomenc 
d’immunilc, unc. liberalion d’acelylcholinc qui provoque le choc 
dil anaphylacliquc, quo nous appclons choc pnraplujlacliqm nee- 
{ijkboliniqm. Nous connaissons deux categories d’anlicorp.s: anti- 
corps qui agissent avee le concours dc rulcxinc (hactcriolysines, 
cylolysines, elc) cl anlicorps qui agisscnl sans alexinc (agglulini- 
nes, precipilines, anliloxincs, elc). Tons les anlicorps npparlenanl 
a la premiere on a la sccondc calegoric sonl immunisanls, II n'y n 
pas d’anlicorps anaphylaclisanl. "Mais, le complcxc phylactiquc 
forme avee les anlicorps qui agissent avee le concours dc ralcxine 
liberc bcaucoup d’acelylcholinc h la fois {acclijkholinogimcsc c.rplo- 
sive) alors quo le complcxc phylacliquc forme avee les anlicorp.s 
qui agissent sans alexinc liberc peu d’acclylcholinc a la fois (pcHijl- 
choUnogcncsc Icnic). 

La formation du complcxc phylacliquc s'accompagne dc Ubera- 
iion d’occfykholinc. En pclilc quantile racclylcholine ne produil 
pas dc fortes modifications dans le fonclionncmcnt dcs organcs, 
car die s’inaclivc Ires rapidement. IVIais, lorsqu’cllc csl libcrcc en 
forte quantile cl Ires rapidement cilc provoque im choc evident 
qui peul memc elrc morld qu’on appcllc choc anaphylnctiqne, et 
que nous appclons choc paraphijlacliqPe accfylcholiniquc. 

Les schemas snivanls reprcscnlcnl la conceplion classique ct 
noire conceplion pcrsonnclle sur le mecanisme du choc dil anaphy- 
lactiquc. 


Conception classique. 

La rdnlroduclion dc I’anligcnc dans un organisme ayantdejh 
ete traite par le memc anligenc produit deux complexes- 

a'’ Antigene + anlicorps anaphylaclisanl + alexinc - com 
plexe anaphylacliquc. “ 
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Conception pcrsonnelle. 

La reintroduction de I’antigene dans un organisme ayant deja 
ete traite par le memo antigene, produit un seui complexe: le 
complexe pliylactique. 

a) Pour les anticorps qui agissent avec le concours de I’alexine; 
Antigene 4- anticorps choline + alexine = 

antigene — anticorps-alexine (complexe pliylactique) 

+ acetylcholine active ( — ■ phenomenes paraphylactiques evi- 
dents — choc) 

b) Pour les anticorps qui agissent sans alexine: 
antigene anticorps choline = antigene — anticorps 
(complexe pliylactique) acetylcholine active 
(phenomenes paraphylactiques latents — -pas de choc evident). 
Ce ne sont la que de simples formules provisoires. Mais nous 

pouvons affirmcr avec ccrtiliide que tors de la production du com- 
plexe pliylactique il se'libcre de V acetylcholine. 

Nous examinerons maintenant tous les phenomenes qui peuvent 
se produire a la suite de Pintroduction d’un antigene dans Torga- 
nisme. Nous etudierons les phenomenes dans leur ensemble 
essayant d’expliquer en meme temps le mecanisme de I’immunite 
(ou phylaxie), de la paraphylaxie (ou maladie non specifique), du 
choc parapliylactique acetylcholinique (accident de la maladie 
non specifique) et de la maladie specifique. 

Nous etudierons les phenomenes qui se produisent lors d’une 
premiere introduction de I’antigene dans un organisme neuf et les 
phenomenes qui se produisent lors de la reintroduction du meme 
antigene. 

Un antigene introduit pour la premiere fois dans un organisme 
neuf pent — ; 

1° — • ne pas s’adapter a I’organisme et ne provoquer aucune 
reaction 

2° — ■ provoquer un phenomene d’immunite (phylaxie) com- 
plete avec, ac6te, I’^tat de paraphylaxie ou maladie non specifique, 
3° — provoquer un phenomene d’immunite incomplete avec, 
a cote, etat de paraphylaxie {maladie non specifique) et apres une 
certaine periode d’incubation la maladie specifique. 

Un. antigene introduit dans un organisme ayant deja re^u (un 
certain inter valle de temps avant) le meme antigene peut; 
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r provoqucr snns incubation im phcnomene d’imniunilc 

complete avec cltoc paraphylactiquc acetylcholmiquc. 

2= - provoquer sans incubation nn phcnomene d’linmunite 
incomplete avec choc paraphylactiquc acdtylcholiniquc suivi dc 


maladie specifique. 

Voici, scion nous, Ic mecanisme dc tons ccs phcnoinencs. 

Examinons d’abord toutes Ics cvcntualites qui peuvent sc pro- 
duire lorsqu’un antigcnc (sdrum elrangcr, bactcrics, etc) cst mtro- 
duit pour la premiere fois clans un organisme ncuf. L antigcnc cst 
unc substance etrangcrc cpii nc pent agir qu’apres adaptation a 
I'organisme. Un antigcnc pout n’avoir aucune action cl rorgaiiisinc 
ne presenter aucunc reaction. Dans ce cas, I’antigenc rcslo nn 
simple corps ctrangcr, qui nc provoque anenne modification tissu- 


laire ct qui finit par s’cliniincr. II sc produit ni pliyln.xie, ni para- 


phylaxie, ni maladie specifique. C'cst le cas dcs hactericmics 


passageres. 

Par centre, d’autres fois, rantigcnc s’adaptc a I’organisme. Sa 
premiere action cst Vadion acehjkholincrgique: agissant sur la 
cellule il libcre dc racctylcholinc. Par unc coinbinaison dc I’anli- 
gene avec Ics produits dc rdaction dc la cellule, done les globuli- 
nes ct raceiylcholinc, naissent cc que nous avons appcld Ics anti- 
corps-choline ct par consequent un dial dc phylaxic specifique (due 
aux anticorps) ct un ctat dc paraphylaxic non spdcifiquc (due a 
1 ’hyperconcentration dcs tissus cn preclioline). Unc partie dc 
J’antigene sort a la formation dcs anticor|)s choline, lesqucls tendent 
a fixer I’antigene reste libre (non transform c). Grace a Icur af fi- 
nite specifique I’antigenc s’unit a I’anticorps ct forment ensemble 
fe complexe phijladiquc (on immunisant). Cc coniplcxc cst consti- 
tue de I’antigenc, dc I’anticorps ct dc I’nlexine, pour les bacterioly- 
sines, les cylolysines et de I’antigenc ct de I’anticorps pour Ics 
antitoxines, les precipitincs ct les aggJutinines. La formation du 

complexe phylactique est accompagne de liberation d’acctyl- 
choline. 


Deux cas peuvent se produirc. Dans un premier cas les anti- 
corps rendent inoffensif I’antigene petit h petit, par petites frac- 
tions et I'antigene arrive i, are inWgralemcnt annihile (pheno- 
mene d^mmunUi complclc). Les complexes pliylactiqucs qui pren- 
nait nuisi naKsance libdrent pou d’acdtylcholino i la fois, Elle 
, s inactive rapidement et I’organisme n’en souffro pas d'une mani- 
•35 — Acfa med, scandinav. VoZ. CXYII. 
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ere cliniqucment evjdcnlc (il ne sc produil pas dc clicc aceiylcho- 
liniquc evident). D’un autre cote, I’antigenc dtant fixe ct annihile 
d’une inanierc integralc, il n’en rcslc aucune trace qui puisse exercer 
son action specifique, qiii puisse provoquer la maladic specifique. 
L’organisme supportc par consequent sans, aucun trouble tons les 
phenomencs ct il n’apparail aucun phenomenc clinique anornial 
evident. 

C’cst le cas d’lmc injection d’un serum etrangcr qui ne provo- 
que pas de maladic du scrum tardive on d’lm cobaye auquel nous 
avons fait unc scule injection dc serum de cheval. C’est aussi le 
cas d’un agent infectieux qui, gjacc aux phenomencs (Vimmimitc 
complete qui sc sont produits ne provoque pas d’infection. 

L’organisme semblc normal, mais il n’est pas normal, Il est en 
elat dc phylaxic ct dc paraphylaxic, la phylaxic etant provoquee 
par les anticorps ct la paraphylaxic ])ar la choline. L’hyperconcen- 
tralion en precholinc dcs tissus modific le tonus des organes ct 
augmente Icur rcactivitc a tons les factcurs qui sont capables de 
libercr dc racctylcholinc (factcurs acetylcholinergiqucs). L’orga- 
nisme cst maladc: c’esl ce que nous appclons »maladie non sped- 
fiquo). Elle n’est pas specifique, car clle est la meme n’importe 
quel scrait I’antigene. 

Il cst facile dc le demontrer. Chez un cobaye qui a regu une 
premiere injection dc scrum de cheval, nous faisons une seconde in- 
jection dans la veinc: il se produit cc qu’on appelle improprement 
choc anaphylactique, et quo nous appelons c/ioc paraphyladique 
acdylcholiniquc. Nous y reviendrons plus has. 

Nous examinerons maintenant un second cas, dans Icquel I’anti- 
gene n’est pas fixe par petites fractions par I’anticorps et a un 
moment donne une grande quantite d’antigene est fixee a la fois, 
sans que I’antigene soit fixe integralement. Il se produit alors un 
complexe phylactique avec forte liberation d’acetylcholine, qui 
provoque un choc dit anaphylactique (que nous appelons dwe 
paraphyladique acdylcholiniquc). Comme tout I’antigene n’a pas 
cte fixe et il reste une parlic libre, cette partie sous Vinjliience du. 
choc paraphyladique acdylcholiniquc ainsi produit exerce son action 
specifique et provoque la maladic specifique^. Dans ce cas par 

1 Nous ne savons pas clc quelle maulere Ic dice parapliylactique acetyl- 
choliniquc favorisc I’aclion specifique de I'anligcne reste liUre ct declenclie la 
maladic spdcifique. i\Iais nos observations no laissent plus aucun doute qu’il 
cxistc un rapport dc filiation entre le choc cl la maladic specifique. 
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une cerlaine periodc cl’incuhation, a provoque unc mfeclion, carac- 
terisee aussi au dehul par dcs phenomencs acciylcholiniques suivis 
de phenomencs speciiiqiics. 

Dans ce deuxiemccas aussi nous Irouvons pendant I’incubalion 
un etat de phylaxic ct dc paraphylaxic, mais I’etal dc phylaxic 
n’elant pas suffisant, pour fixer lout I’anligenc, une parlic dc 
I’antigene reste libre ct provoque la inaladic specifique. 

Entre le premier ct Ic second cas nous Irouvons deux grandcs 
differences. Premiere difference: dans le premier cas I’antigene 
est fixe par petites portions ct nc donne pas dc choc, dans le second 
la fixation se fait d’un coup. Sccondc difference: dans le premier 
cas I’antigenc est fix6 integralemcnt ct dans le second la fixation 
n’est pas integrale. II semblc quo pour que le phenomene d’immu- 
nite soil complet ct fixe I’antigcnc, il est necesfeaire que la fixa- 
tion se fasse par petites portions et que lorsquc la formation du 
complexe phylactiquc libere beaucoup d’acetylcholine et provo- 
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que un choc, ranligene rcste librc cst capable d’cxercer son action 
spdcifiquc et dc provoqucr la maladic specifique. 

La difference signalee plus haut peut etre en relation avec la 
proportion reciproque des anlicorps qui agissent sans alexine et de 
ceux qui agissent avec le concours dc I’alexine. Mais ce n’est la 
qu’une simple supposition. 

Examinons mainlcnant revolution de la maladie specifique. 
Une fois la maladie specifique commencee, la luttc pour la defense 
centre I’antigene qui I’a provoquee recommence. L’antigene con- 
tinue son action acetylcliolincrgique et donne naissance a de 
nouveaux anticorps-choline. Mais Ics conditions sont plus defa- 
vorablcs car la formation des anticorps neccssite de I’acetylcholine, 
et cette dernierc cst cn partic consommee par les phenomenes 
specifiqud eux-memes. Nous considerons, cn effet, I’acetylcholine 
comme le facteur vital de premiere importance dans I’organisme 
qui preside au metabolisme cellulaire et a toutes les fonctions 
vitalcs de la cellule. Pendant la maladie specifique le metabolisme 
cellulaire s’accroit et il sc produit une grande consommation 
d’acetylcholine. 

Deux phenomenes evoluent en meme temps: d’un cote I’action 
specifique qui sc produit avec consommation d’acetylcholine et 
qui tend a abaisser la concentration en precholine des tissus, de 
I’autrc I’action acdtylcholincrgiquc de I’antigene qui tend a I’aug- 
menter. Pendant la periode d’etat de la maladie e’est le premier 
phenomene qui predomine et la courbe acetylcholinique reste 
basse. C’est ce qui explique dans une infection aigue la tachycar- 
die, qui, d’apres nos recherches faites avec I’eprouve de I’atropine 
et de I’orthostatisme est due a une diminution en concentration de 
I’acetylcholine. Mais, si la maladie guerit, le deuxieme phenomene 
s’intensifie et arrive a predominer sur le premier. Pendant la 
periode d’etat il se produit continuellement des anticorps. Leur 
formation, difficile au commencement par manque d’acetylcho- 
line, se fait rapidement et en grande quantite vers sa fin. Pendant 
la periode d’etat les anticorps tendent a fixer petit a petit I’anti- 
gene. Vers la fin la concentration en anticorps arrivant k un haut 
degre, ils fixent tout 1’ antigene reste libre et les phenomenes speci- 
fiques disparaissent (par manque d’antigene libre). La terminaison 
de la maladie specifique peut se faire d’une maniere brusque, 
comme cela se passe dans une pneumonie ofi la defervescence se 
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produit en quelqucs lieurcs. La (iefcrvcscencc brusque d’unc 
pneumonic n’est qu’un clioc paraphylactiquc acclylchohniquc 
da a la liberation d’acclylcholiue faile a roccasion do la formation 
d’un complexc pliylaclique dans Icquel tout rantigene csl fixe. 
Alors que le debut d’unc pneumonic csl marque par un phenomene 
d’imraunite incomplete qiii donne un choc parapby lad ique acclNl- 


choliniquc suivi dc plienoinenes specifiques, la d6fervosccnce csl 
due a la formation d’un phenomene d’immunile complel, dans 
lequcl tout I’antigenc csl fixe, caraclcrisd par dos phenomenes ace- 
tylcholiniqucs purs. Ils nc sont pas suivis <ie phenom enes specifiques 
car il ne reste aucune trace d’antigene libre qui puisselosproduirc. 

C’est par imc augmentation de la courbe acelylcbolinique vers 
la fin dc I’infcclion que nous avous explique la bradycardie, la 



leucopenic et reosinopbilic dc la convalescence d’une maladic 
infectieusc. 


Dans le cas dcs antigenes inerles cc n’est quo I’action acelyl- 
cholinergique de I’antigenc qui intervient dans la production dc 
I acetylcholine. Dans le cas dcs antigcncs vivants nous attribuons 
un role important aussi a I’acldc p-amino-ben/.oiquc qui dans nos 
recherches s’est montre aussi acctylcbolincrgiquc. Nous savons 
que ce produit joue un role important dans le metabolisme cl la 
multiplication des microbes. Nous lui attribuons aussi un role dans 
1 acetylcholinogenese necessaire a la formation des anticorps. 

Nous avons examine Jusqu’ici ce que pent produire un antigene 
mtroduit dans I’organisme une premiere et seule fois. Nous exa- 
mmerons maintenant ce qui se passe lorsque dans un organisme 

en etat dc phylaxie et de paraphylaxie nous introduisons une nou- 
velle dose du meme antigene. 
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Nous avons dit que la premiere introduction d’antigene provo- 
que un etat de phylaxie-parapliylaxie du a la presence d’ anticorps- 
choline. Ces demiers sont touj'ours en exces. 

Trois cas peuvent se presenter. Dans un premier cas I’organisme 
est bien immunise et I’antigene reintroduit dans I’organisme est 
fixe integralement et rendu inoffensif. II se produit un pheno- 
mene phylactique complet avec liberation d’ acetylcholine qui 
provoque un choc paraphylactique acetylcholinique evident, (fig. 2) 
C’est ce qu’on appelle choc anaphylactique. C’est le cas du cobaye 
en etat de paraphylaxie qui fait un choc paraphylactique acetyl- 
cholinique mortel lors de la seconde injection du meme antigene. 
Mais si la liberation d ’acetylcholine ne se fait pas a cette occasion 
d’une maniere assez rapide il n’apparait pas de choc evident. 



C’est le cas d’un organisme parfaitement immunise centre une in- 
fection et chez lequel est introduit le meme microbe. 

Dans tons ces cas il n’apparait pas de maladie specifique, car 
tout I’antigene reintroduit a ete capture par les anticorps. Mais 
il se pent que le phenomene d’immunite soit incomplet et qu’une 
partie de I’antigene reintroduit reste libre. Dans ce cas une pre- 
miere fraction de I’antigene (Aj) sert a la formation du complexe 
phylactique, qui lib ere de I’ acetylcholine et provoque le choc 
paraphylactique qui a son tour favorise Faction specifique de la 
seconde fraction d’antigene (A 2 ) qui reste encore libre et declenche 
la maladie specifique (fig. 3). Tandis que dansle premier cas, dans 
lequel tout Fantigene nouvellement introduit a ete fixe, il ne se 
produit que des phenomenes acetylcholiniques, dans ce dernier 
cas les phenomenes acetylcholiniques sont suivis de phenomenes 
specifiques. 



.eciwchs s»« ..r, .n utc. 5S3 

dot im ces cm k phamwic sc pmlwl immMiflemcnl sans 
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’"owMlrc ma..icre <te voir nous n'nri.m-llons pur rmisoquoul 
pas I’ex-istcnce dc I’nnapbylaxic. 11 n’y a pas (k simsjl)ilisation <U‘ 
I’organismc, el I’aniigcnc. neprocluit quo. lo phcnoinotic 
MaiscepWnomcnc elanl provoqucpar los aaiicorps qui no pouvcnl 
seproduirc qu’avoc Ic concours do la prt'cholinc tissulaire. ooUo 
dernierc augincalc on conccntralion dans Ic.s lissus. Get el«it n tst 
miliemenl un elat conlrairc h riininunitc, niais un dial pioduit a 
cole dc i'immuniic cA dependant d’cllc. II n'y a pas par conse- 
quent d’anaphylaxic, mais cc que nous avons appclc parajdiylaxio. 
Sur un organisme on ctal de phylaxio ct (rhy]HM’concontrntion 
tissulaire (paraphylaxic) loulc trace d'anligene qui est rcsie libre 
dans rorganisme ovi que nous avons rcintrodiru pnivocpie la for- 
mation d’un complexe pliylactiquc avoc liberal ion d'acclYloliolino 
qui proYoque le choc qu’on a appclc anaphylaclique. Mais cc choc 
n'a rien a fairc avee unc scnsihilisaliosi (pudeonque do Torgn- 
nisme, II s’agit d’lm phduonienc prodnii a c6le du coinplcxo pliv- 
lactiquc, un dechcl dc cc coniplcxe. C’csl pour colic raison que 
nous avons rcmplacc Ic Icrnie clc choc anaphylacliquo avee celui 
de choc paraplujlacliquc acelulcholiniqnc. 


Lc choc n’est pas spcc.ifiquc, car il cst idenliqnc n’iinporle qiud 
anrait etc ranligene qui a provoque rimmunile a cole dc laqiielle 
I’etat de paraphylaxie s’est formec, mais il sc produit a cOlc du 
ooinplexe pliylactiquc qui — cclui la — cst specifique car il no pent 
prendre naissance qu’entre ranligene ct son nnlicorps S])ecifique 
correspondant. Cc qu’on a appclc anaplujlaxic passive, n’csl qu’un 
choc paraphylactique acdtylcholiniquc produit a cote d’un pheno- 
luene d’immunite passive ct cc qu’on a appclc anaphijlaxic. in 
ohro n’est qu’un choc paraphylactique acdtylcholinique provo- 
que in vivo avee un melange immunisant fait in vitro. 

Quant ail phenomene appclc anti-anaphylaxie, il cst dh — cn 
grande partie — a ce que nous avons appcle cUcholinisation Ussu- 
laire. Lorsque chez un animal traitd par un aniigene nous inlro- 
duisons unc petite dose du meme antigene. Use produit un complexe 
phylactique avee liberation d’ acetylcholine. Il y a en mdme temps 
consommation d’anticorps ct consommation dc precholine (ddcho- 
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linisation tissulaire). Si nous injectons le lendemain une dose du 
meme antigene qui chez le temoin est mortelle, elle ne produit 
plus la mort, car le choc paraphylactique est provoque par la 
liberation d’acetylcholine et la source d'ou est tiree cette substance 
est appauvrie par la formation du complexe phylactique anterieur. 

Nous exposerons dans les memoires suivants les preuves et les 
arguments qui nous ont conduits a cette conception. 
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